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Future National and Regional 
Institute Meetings 


On account of the constant expansion of Institute 
activities, it has become increasingly evident that all 
National and Regional meetings should be carefully 
coordinated. With this object in view, all applications 
for meetings are now referred to the Committee on 
Coordination of Institute Activities before a schedule 
for a year is adopted. 


The Coordination Committee has had under con- 
sideration for some months the schedule for the calendar 
year 1929 and on April 3 held a meeting and adopted 
the following report embodying recommendations to 
the Board of Directors. 


To the Members of the 
Board of Directors A. I. E. E. 


Gentlemen: 


One of the duties of this Committee is to make recom- 
mendations to the Board of Directors regarding the 
dates and places of future National and Regional 
conventions. It is obvious that these National and 
Regional conventions should be carefully coordinated, 
and hence all applications for such meetings should be 
received far in advance of proposed meeting dates, so 
that a complete schedule for a year may be recom- 
mended at one time, after considering conflicting re- 
quests, financial obligations involved, meetings already 
announced by other societies, the work of the various 
committees concerned: for example, the Meetings and 
Papers, Publications, Finance, Sections, and other 
committees, all with the object of obtaining the best 
distribution of our meetings, both geographically and 
chronologically. 

On March 1, 1928, this Committee communicated 
with the officers of the ten Geographical Districts and’ 
the fifty-two Sections, explaining in detail the necessity 
for early action and requesting that applications for 
National or Regional meetings to be held during the 
year 1929, be received by the Committee not later 
than April 1. 

In deciding upon the recommendations to be made 
regarding dates and locations of future meetings, this 
Committee has voted to observe as far as practicable 
the following general principles: 

1. A complete schedule of National and Regional 
meetings for an entire calendar year should be decided 
upon at one time, so that the meetings shall be properly 


coordinated and distributed both geographically and 
chronologically. 

2. That the dates of all National and Regional con- 
ventions should be arranged so that there will be an 
interval of at least six weeks between any two of these 
meetings. 

3. That rotation of the Annual Summer Convention 
from one part of the country to another, year by year, 
is desirable. 

4. Experience with Regional meetings indicates 
clearly that they constitute one of the most important 
and valuable activities of the Institute, and they 
should be continued and encouraged. 

5. That not more than one meeting be held in any 
one Geographical District in one calendar year, unless 
there are not enough applications from other Districts 
to make up as complete a schedule for the year as ap- 
pears to be desirable, in which case two meetings 
within one District may be recommended. 

In response to the Committee’s letter of March 1, 
1928, applications for meetings have been received 
from several of the District and Section officers. The 
Committee, after careful consideration of the various 
elements involved, recommends the adoption of the 
following schedule of meetings to be held during 1929, 
which provides for the usual three National Conventions 
and all the Regional meetings for which requests have 
been received: 


Winter Convention, New York, N. Y., District No. 3 during 
week beginning Monday, January 28. 


Regional Meeting, Cincinnati, Ohio, District No. 2, March. 


Regional Meeting, District 7 or 5, South West or Great Lakes 
between May 1 and May 15. 
(place and exact dates to be decided by District officers). 


Summer Convention, Swampscott, Mass., District No. 1, June 
24-28. 


Pacific Coast Convention, California, Districts 8-9, late Summer. 
(place and exact dates to be decided by the officers of 
Districts 8 and 9) 

Participation in World Engineering Congress, Tokio, Japan, 
October. 


Regional Meeting, District 5 or 7, Great Lakes or South West, 
November. 
(place and exact dates to be decided by District officers). 


As it is important that our meeting dates be given 
wide publicity and that the necessary hotel and other 
facilities be reserved promptly, also that the dates be 
communicated by letter to the secretaries of numerous 
engineering and allied societies, with a view to avoiding 
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conflicts, we unanimously recommend that this schedule 
be definitely adopted at the meeting of the Directors 
on April 6. 
Very truly yours, 
COMMITTEE ON COORDINATION 
INSTITUTE ACTIVITIES 


C. O. BICKELHAUPT 
(Chairman Law Com.) 
H. P. CHARLESWORTH 
(Chairman Meetings and Papers Com.) 
F.. L. HUTCHINSON 
(National Secretary) 
H. A. KIDDER 
(Chairman, Finance Com.) 
W. B. KOUWENHOVEN 
(Chairman, Sections Com.) 
E. B. MEYER 
(Chairman, Publication Com.) 
G. L. KNIGHT, Chairman 
The above report was unanimously approved by the 
Board of Directors, and the list of Institute meetings 
has been communicated to the secretaries of the 
principal engineering and allied societies with a view 
to the elimination of conflicting dates as far as may be 
feasible. 


OF 


Some Leaders 
of the A. I. E. E. 


Charles Schenck Bradley, Manager of the Institute 
(1894-7) (1899-1902) and Vice-President (1897-9) was 
born in Victoria, Canada, April 12, 1853. He ‘is, 
however, a descendent of six generations of New Eng- 
land stock and inherits the ingenuity typical of his 
Yankee ancestry. After taking a special course at 
Rochester University, he was impressed by the reading 
of books by Tyndall, the great English physicist with 
the possibility of applying heat and electricity to the 
work of the world, and in 1881 came to New York to 
associate himself with Thomas A. Edison. For several 
years, successively with his own experimental laboratory 
at Yonkers, N. Y., he worked in the field of electrical 
illumination, then in its infancy. Ninety devices for 
the transmission of power over long distances were the 
outgrowth of his invention genious. A method of 
multipolar windings was also originated by him, as 
was a rotary converter to assist in the economical 
distribution of current to street car systems, illuminat- 
ing stations and power plants. Although Mr. Bradley 
has done much as a physicist, his chief work has been 
along chemical lines. He was one of these to assist 
in the process of changing aluminum from a semi- 
precious to a basic metal, reducing the price over 10 
per cent. His company affiliations from time to time 
were with the Fort Wayne Co., (1882-92); Thomson- 
Houston Co. (1892-96); the Ampere Electro-Chemical 
Co. (1896-1904); General Electric Company (1904-06); 
Bradley Copper Process Company (1906-18); Chemical 
Research, N. Y. (1918-14) and the U. S. Reduction Co. 
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(1916-1925). His invention for the fixation of nitrogen 
was at the time, an epochmaking achievement. His 
maxim was that the only way to achieve was to “go 
ahead and do things’ and to this slogan he clung in all 
undertakings. Fifty patents were granted him for var- 
ious processes for the economical extraction of copper 
by electrolytic means, and to him is attributed the de- 
sign of a rotary furnace for the production of carbide 
of calcium. In his ambition to accomplish, Mr. Bradley 
lamented the fact that most of the information he 
was able to obtain from consulting experts was given 
in negative form, instructing how not to do things 
rather than just what to do. Conservation of both 
time and power was to him ultraimportant. His con-. 
tention was that extravagance was far more often re- 
sponsible for failure than actual inability to achieve. 
A full realization and application of resources, he 
believes, cannot fail to produce gratifying success. 
Mr. Bradley is a member of the Genessee Valley Club 
and the Chemists’ Club of New York. 


Notice of Annual 
Meeting of Institute 

The Annual Meeting of the American Institute of 
Electrical Engineers will be held in Denver, Colorado, 
on Tuesday morning, June 26, 1928. This will con- 
stitute one session of the Annual Summer Convention 
which is to be held in Denver, June 25-29. 

At this meeting the annual report of the Board 
of Directors, also the reports of the Committee of 
Tellers on the ballots cast for the election of officers, 
and upon the proposed Constitutional Amendments, 
will be presented. 

Such other business, if any, as may properly come 
before an annual business meeting will be considered. 

This Annual Meeting is to be held for the first time 
during the Summer Convention in accordance with a 
vote of the membership at a Special Meeting held in 
Chicago last year. 

F. L. HUTCHINSON, 
National Secretary. 


Waldemar Kaempffert, science and engineering 
editor of the New York Times, has been appointed 
director of the Chicago Industrial Museum. He will 
pass several months studying similar museums in Paris, 
London, Vienna and Munich before taking up his new 
work. TheChicago Industrial Museum, which will have 
400,000 sq. ft. of floor area has been made possible by 
a gift of $3,000,000 from Julius Rosenwald in addition 
to $5,000,000 appropriated by the South Park Com- 
missioners to reconstruct for this use the fine arts 
building of the World’s Fair of 1893. Mr. Kaempffert 
emphasizes the intention to make the museum more 
than a heterogeneous collection of machines. It is to 
be an educational institution for the presentation of 
scientific and engineering principles. 


Abridgment of 


Tuned Radio-Frequency Amplifiers 


BY R. 8. GLASGOW: 


Associate, A. I. E. E. 


Synopsis.—A simplified method of calculating the performance of 
a tuned amplifier circuit is given and the effect of the various circuit 
constants on the characteristics is shown. The predicted results are 
found to check experimental observation quite closely. Curves 


N Fig. 1 is shown a transformer having an impedance 
Z, in series with the primary, and an impedance Z, 
connected across the secondary. These impedances 

may be resistance, inductance, capacity, or any combi- 
nation thereof. The impedance of the primary winding 
with the secondary on open circuit is Z,, and that of the 
secondary with the primary open is Z,. The mutual 


| d, V\ Z, Be I, 
E, a : Z 34, 
| 


~Hia. 1 


impedance between primary and secondary is Z,,, the 

vector expression for which is 7 w M in the case of an 

air-core transformer, where M is the mutual inductance 

and w is 2 7 times the frequency of the applied voltage. 
Applying Kirchoff laws we have: 


E, — I, Z, +1,Z, + I. Zm 
O =1,Z,+ 124. + 1:1] 
Combining (1) and (2), we obtain, 
- E; (Z2 + Z,) 
- (Zi ae ie) (Ze ela Zs) Te Lae 


(1) 
(2) 


I, (3) 


—E, Zn 
(Z1 + Zp) (42 + Zs) — Sm 


and I, = (4) 
which give us the vector expressions for the respective 
primary and secondary currents in any type of trans- 
former in terms of the impedance in the circuit. 

In Fig. 2a is shown a single stage of the ordinary 
type of tuned amplifier and in Fig. 2b, the electrical 
equivalent of the circuit. 

The current in the secondary from equation (4) is 


wE,.j oM 
(r+ Ri tj os) (Roti w Lj =)+ o* MP 
ors 
(5) 


If a small number of turns are used on the primary, its 
impedance R; + j w L, can ordinarily be neglected in 


I, = 


1. Associate Professor of Electrical Engineering, Washington 
University, St. Louis, Mo. 

Presented at the A. I. E. E. Regional Meeting, St. Louis, Mo., 
March 7-9, 1928. Complete copies upon request. 


showing the performance obtained with various types of tubes are 
also given. The factors affecting the stability are pointed out and 
typical methods for suppressing undesired oscillations are given, 
together with the principles involved. 


comparison with r, which is of the order of 10,000 to 
20,000 ohms, depending on the type of tube used. 


1 
—, and the impedance of the 
w Cz 
entire secondary circuit is merely R:, so that the 
maximum magnitude of the secondary current to a 
sufficiently close degree of approximation becomes 


At resonance w Ly, = 


wh, wM 
I e: lp R, + ww? M? © 
The voltage across the secondary is 
eerie, eid AY 7 
Rie nie Oe (7) 


Defining the voltage amplification per stage K as the 
ratio of the output voltage to the input voltage applied 
to grid, we have 


E wah 


ame mr do ie 


If the mutual inductance in equation (8) is con- 
sidered to be the variable, the voltage amplification can 
be shown to be maximum when w? M? = r, R» (9) 
Substituting this value of optimum mutual inductance 
in equation (8), we obtain 


(6?) L, (8) 


i M (6) Ly 

2 A Tp V/ RR ; 
Equation (10) gives an expression for the maximum 

possible amplification that can be obtained with a 
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given tube and a fixed value of secondary inductance. 
It is interesting to note that when optimum coupling 
is employed, the amplification is directly proportional to 
the ratio of the reactance of the coil to the square root 
of its resistance. Also, from the viewpoint of voltage 
amplification alone, the best type of tube to use is one 
which has the largest ratio of u to \/r,._ If the coupling 


-used is less than the optimum value as given by equation 


(9), the effect of tube and coil resistance becomes greater, 
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lying somewhere between the square root and the first 
power of the resistance. It is interesting to note that 
the turns ratio between primary and secondary does not 
enter into the expression for the amplification, the 
the mutual inductance between them being the cri- 
terion. Thus a primary coil of a few turns, closely 
coupled to the secondary, will produce the same result 
as a coil of a greater number of turns more loosely 
coupled. 

The data in Fig. 3 were obtained for a coil of 205 
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microhenrys, composed of 54 turns of No. 22 d. «. «. 
wire wound on a 3-in. tube. The values include the 
resistance of the tuning condenser. In Fig. 4 is shown 
the calculated variation in amplification with mutual 
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inductance for four different wavelengths, using the 
values of resistance from Fig. 8. The constants used 
were of a U X 201 A tube which had an amplification 
constant of 8.7 and a plate resistance of 8800 ohms 
with 90 volts impressed on the plate and zero grid 
bias. As will be seen, the amplification curves have 
rather dull maxima. This shows that little gain in 
amplification would be obtained by varying the coup- 
ling between primary and secondary with the tuning, if 
sufficient coupling is initially employed. 

The effect of mutual inductance on selectivity is 
shown in Fig.5. In order to make a better comparison, 
in Fig. 6, the relative amplification K’/K is plotted 


GLASGOW: TUNED RADIO-FREQUENCY AMPLIFIERS 


Journal A. I. EK. E. 


against frequency, where K is the amplification at 
the resonant frequency and K’ is the value at the 
frequency in question. As will be observed, the sharp- 
ness of resonance increases as the coupling is reduced, 
approaching the resonance curve of the secondary 
circuit as a limit as the coupling approaches zero. 
Satisfactory transmission of music requires a band of 
frequencies from approximately 50 to 5000 cycles. 
The process of modulation at the broadcasting station 
converts this band into a frequency spectrum of about 
10 kilocycles in width, with the carrier frequency located 
in the center. Consequently, if faithful reproduction 
is to be secured, the amplitude relations existing between 
the various frequencies should be unchanged by the 
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amplifier. In Fig. 6 it will be observed that in the 
lowest curve, which corresponds to coupling of 25 
microhenrys, the amplification 5 kilocycles from the 
carrier wave is reduced to 54 per cent. If four such 
stages were used in cascade and all carefully tuned to 
the carrier frequency, the amplification 5 kilocycles 


10 


dk 
fee) 


o 
a 


‘<4 
+ 


RELATIVE AMPLIFICATION / 


Hun i 


tReet gs 
| 


835 


860 865 870 


845 vi 855 
FREQUENCY IN KILOCYCLES 


Fic. 6—Errect or CoupLinG on SELECTIVITY 


from resonance would have fallen to 8.5 per cent of the 
resonant value. 


This attenuation of the side-bands materially im- 
pairs the quality of reception; consequently, in multi- 
stage amplifiers, a broader resonance curve per stage 
should be employed than would be used in an amplifier 
of fewer stages. . The relative amplification character- 
istics of a multi-stage amplifier may be readily obtained 
from the curves of Fig. 6, since this factor for n stages 
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K ). As the maximum value of the 


becomes ( 


ordinate is unity, the selectivity greatly increases with 
the number of stages and with a resultant increase of 
side-band attenuation. This might lead to the con- 
clusion that the fewer the number of stages employed 
the better would be the quality. That this is not the 
case 1s shown in Fig. 7. Curve A shows the relative 


12 


10 + 
— | - ies is 
z ak A-Four stages, M= 70 zh. 
a t | B-One stage, M= 25h, 
5 I 
706 
= 
= ot | 
Eo 4 Broadcast 3 
ce Spectrum 
w 
c 
0.2 
——— | ols 
830 835 840 845 850 855 865 870 
FREQUENCY IN KILOCYCLES 
Fic. 7—ErFrrect oF THE NUMBER OF STAGES ON SELECTIVITY 


AND FIDELITY 


amplification that would be obtained using four stages 
with M = 70 (the top curve of Fig. 6); while curve B 
is for a single-stage with M = 25 (bottom curve of 
Fig. 6). It will be noted that the side-band attenua- 
tion is less in the case of the four-stage amplifier than 
for the single-stage throughout the entire 10-kilocycle 
band, and the selectivity has been materially improved. 

The ideal characteristic would be one which is flat- 
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topped for an interval of about 10 kilocycles and then 
falls off very rapidly on either side of this interval. 
The fidelity would then be constant, irrespective of the 
number of stages employed. 

Fig. 7 shows the relative amplification for a single- 
tuned stage at frequencies of 1500, 850 and 550 kilo- 
cycles, using the same coil and tube as in the preceding 
curves and a fixed value of mutual inductance of 25 
microhenrys. As will be observed, this value of 
coupling is producing serious side-band attenuation at 
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the lowest frequency, whereas at the high-frequency, or 
short-wave end of the broadcasting band, the response 
curve is too broad to give good selectivity. Broad- 
ening the individual response curve and increasing the 
number of stages will alter the shape of the over-all 
characteristic as in Fig. 7, but with a fixed value of 
coupling, good fidelity at the longer wavelengths can 
be obtained only at the expense of selectivity at the short 
wavelengths. Experimental receiving sets were con- 
structed, incorporating this feature, with a view to 
determining approximately how much side-band at- 
tenuation could be tolerated before appreciable dis- 
tortion or loss of natural quality was observed. It was 
found to be extremely difficult to obtain any quantita- 
tive data by means of audition tests as the opinions of 
the various observers differed quite widely. The only 
conclusion that could be drawn was. that the amount 
of side-band attenuation that could be tolerated was 
surprisingly high. Some compensation can be obtained 
by designing the audio-frequency amplifier to have a 
rising characteristic so as to give greater amplification 
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at the higher frequencies. Exact compensation by this 
latter method is not possible, as the amount of side-band 
attenuation is much greater for the long wavelengths 
than for the short. 


The variation of the amplification with wavelength 
for several. values of mutual inductance is given in 
Fig. 9, together with the values obtained by actual test 
using a vacuum-tube voltmeter. Very close agree- 
ment is obtained except at the higher frequencies. 
The discrepancy in this region is due to the effect of 
capacity coupling between primary and secondary, 
which is not taken into account in the calculated values. 

Fig. 10 shows the observed variation in amplification 
with wavelength for several types of tubes, the mutual 
inductance being adjusted to the optimum value at 
350 m. in each case. This affords an interesting com- 
parison of tubes designed for dry cell operation with 
the storage battery type. In Fig. 11 is shown the 
effect of various values of plate voltage upon the 
amplification. The variation in K is due only to 
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variation in the constants uw and r, of the tube with 
plate voltage. 

When several stages of amplification are used in 
cascade, difficulties are encountered due to the tendency 
of the individual stages to break into oscillation, 
especially if the amplification per stage is much above 
unity. This is due to the fact that the vacuum tube is 
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not a perfect unilateral device and that energy from the 
output circuit can be fed back into the input circuit 
through the capacity between the grid and plate 
electrodes. 

A rather involved treatment of the problem of 
regenerative amplification due to the inter-electrode 
capacity of the tube is to determine the impedance of 
the tube Z, measured between its input terminals. 
The value of Z, has been shown to? be 


Zz af 
ay, JEOLC ss 
“ > 2s 
deri Cee pene 
A Z CG fn? Lb 
1 + MG ee a ) 
OEE EW (6h rp + Zs 
(11) 


where the various quantities are indicated in Fig. 12. 


In comparison with r, the capacity between plate 
and filament C,; has been neglected, which can be done 
without very great error provided the frequency is not 
too high. If the output circuit Z, contains sufficient 


2. H. W. Nichols, Phys. Rev., Vol. 18, p. 405, 1919: J. M. 
Miller, Bureau of Standards, Bulletin No. 351. 
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inductance, the impedance looking into the input 
terminals of the tube is of the form 


1 
Age tga siege (12) 
If Z, is a pure resistance or contains capacity reactance, 
the sign of r, is positive. 

Therefore, if the impedance in the plate circuit 
contains sufficient inductance reactance, the negative 
resistance of the tube reduces the positive resistance of 
the tuned circuit connected across the input and may 
even reduce it to zero, in which case a continuous 
oscillation will take place. The positive value of 1, 
that exists for non-inductive or condensive values of 
Z, increases the value of R... All three conditions of Z, 
can exist in the case of the tuned amplifier, as shown in 
Fig. 13. 

It is much more desirable to secure inherent stability, 
and a number of methods have been evolved to ac- 
complish this. Increasing the resistance of the input 
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circuit, so as to offset the negative value of r, and keep 
the total resistance positive at all times, is a convenient 
but inefficient method. These methods merely at- 
tempt to reduce the effects of regeneration rather 
than to strike at the cause. Furthermore, the magni- 
tude of the negative resistance introduced by the tube 
varies considerably with the frequency so that if suffi- 
cient positive resistance is added to take care of the 
worst condition, too much will be present for the 
remainder of the time with the attendant loss of ampli- 
fication and selectivity. 

These objections have lead to the development of a 
number of bridge types of circuits, so called because of 
their similarity to the a-c. wheatstone bridge. The 
first of these, due to C. W. Rice,? is shown in Fig. 14,— 
A being the actual circuit and B the electrical equiva- 
lent omitting the tube electrodes. An inspection of the 
latter figure indicates that no voltage can exist across 
the input terminals gn, due to a voltage between f p 


3. U.S. Patent No. 1334118. 
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if the arms are balanced. Hence, the energy which is 
fed back through C,, is opposed in phase by that which 
flows through C,,. These conditions for a balance are: 
ibe Ca 
Ly _ Cie 


This balance is not entirely independent of frequency, as 


(13) 


Wig. 14 


equation (13) would indicate, unless the coupling be- 
tween L, and L, is substantially unity. This is because 
L, is shunted by the input capacity of the tube, C, in 
equation (12), or more strictly speaking, by Z,. To 
compensate for this, it is sometimes necessary to shunt 
L, with a small condenser or a suitable network to 


simulate C,, if stability is to be maintained over a wide 
frequency range or if the mutual inductance between 
L, and L, is small. Fortunately, exact balance is not 
required, but merely enough to insure stability through- 
out the range of frequencies to be covered. As a 


OND 000 =—cC 


matter of fact, some regeneration can be employed to 
advantage at the higher frequencies and thus increase 
the selectivity in this region. 


A similar type of circuit, due to Hazeltine‘ is shown in 
Fig. 15. 


4, U.S. Patent, Nos. 1489228, 1538858; Proceedings I. R. EB. 
Vol. 14, 1926, p. 217. 
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The conditions for a balance are: 
Ls ee (14) 
EEC 


A somewhat different type of circuit is given in Fig. 
16. The input circuit L,C; is connected across the 
erid-filament terminals through the condenser C,. 
The capacity C,, is utilized as well as C,,, the two form- 
ing a pair of ratio arms in a bridge composed entirely 
of condensers. A small variable capacity C, is used to 
balance the circuit, the conditions for which are: 

Ci Cy 
geadis (15) 
In practise, a resistance of about 250,000 ohms is 
shunted around C, in order to prevent the accumulation 
of a negative charge on the grid, with the possibility 
of blocking the tube. 

A circuit involving the principle of a mutual induc- 
tance bridge is shown in Fig. 17. In order that the 


Fig. 18 


output voltage EF, shall not affect the input circuit, the 
conditions for a balance are: 
M Cr 


VExeh CREO 16) 


Another circuit involving the same principles, except 
that the coil LZ; is coupled to the input circuit instead of 
the output, is shown in Fig. 18. The conditions for 


C 


° . M gp 
balancearesimilar; namely, that E>  CmeG (17) 


The author wishes to express his appreciation to 
Mr. C. E. Fay, formerly of the Graduate School, for his 
assistance in obtaining some of the data. 


PHONOGRAPHS TO BE OPERATED 
BY FILMS 

Dr. W. R. Whitney, Director of Research of the 
General Electric Laboratories at Schenectady, N. Y., 
has announced that work is being conducted there, on 
a long-running phonograph, operating with films re- 
cording sound by light and shadow instead of operating 
with wax records in which the sound waves are 
registered by minute indentations in the wax. Dr. 
Whitney said that the long-running film could be used 
for the reproduction of entire operas or symphonies or 
for recording entire books orally, and that it might be 
possible to produce a film to sell for $6 which would 
read aloud for two hours.—Tel. and Tel. Age. 
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Protection of Supervisory Control Lines 


Against Over- Voltage 
BY EDWARD F. W. BECK: 


Synopsis.—Supervisory control lines used in the remote or 
automatic control of electric plants are subject to overvoltages 
dangerous to insulation and to operators. These overvoltages may 
be caused by lightning, crosses with the power lines, or induction 
from them. Open wire control lines are influenced by all of these, 
cables with grownded sheaths are immune to disturbances caused by 
lightning or other electrostatic induction, and are more or less safe 
from crosses. However, the ordinary cable is still subject to high 
voltages by electromagnetic induction when a fault occurs on the 
power line. 

These voltages may be dangerous not only to apparatus, but also to 
the cable insulation. Protection by means of lightning arresters is 


therefore necessary. Calculations show that even if the apparatus 
locations are protected, high voltages may occur along the line if 
the transmission line fault is between stations. This may cause a 
cable failure. It may, therefore, be advisable to protect the cable at 
certain intervals. 

Supervisory control protectors may be called upon to discharge 
heavy currents of appreciable duration. This requires extremely 
sturdy arresters. The requirements are met by a spark-gap of special 
design in argon at a reduced pressure. 

Specially made cables will shield the line against extraneous 
disturbances. In large installations, the use of such cables may be 
worthy of consideration. 


HE supervisory control line is usually of the same 
nature as a telephone lead, consisting of the 
necessary number of pairs of wires either strung 

in open wire lines or in cable. 

An open wire line is exposed to more severe distur- 
bances than is a cable. Overvoltages in such.a line may 
occur from the following causes: 

1. Atmospheric electricity and lightning discharges. 

2. Direct crosses with high-voltage lines. 

3. Potentials above ground caused by electrostatic 
or electromagnetic induction from neighboring power 
lines. 

In the following, certain calculations have been 
made to illustrate the order of the voltages which may 
be caused by induction. In these calculations, approxi- 
mations have in general been used. These introduce a 
certain degree of error particularly at close spacings. 
However, in this discussion it is not justified to resort 
to exact methods; because first, the spacings encoun- 
tered are usually large so that the discrepancy between 
the exact and approximate methods are not very great; 


Fic. 1—Diacram SHowina How Vourace 1s INDUCED 
ELECTROSTATICALLY ON SUPERVISORY LINE 


second, we are interested in whether the order of the 
potentials to ground are hazardous or not—that is, of 
the order of hundreds of volts or only a few volts; 


1. Electrical Engr. Supply Div., Westinghouse Elec. & 
Mfg. Co., East Pittsburgh, Pa. 

Presented at the Winter Convention of the A. I. E. E., New 
York, N. Y., Feb. 13-18, 1928. Complete copies upon request. 


and third, there are so many variables involved in prac- 
tise that even exact calculations do not always lead 
to accurate results. It is not necessary to be as metic- 
ulous as would be the case were communication circuits 
concerned, in which case very small disturbing voltages 
between wires might cause interference with the service. 

If the line is open wire, disturbances may be caused 
either electrostatically or electromagnetically. Electro- 
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Fig. 2—Scuematic DiaGram or ConpiTions IN Fia. 1 


static induction will occur in the following way: 

In Fig. 1, A is a conductor charged to a certain volt- 
age E,, and B is a nearby conductor, such as a super- 
visory line entirely insulated from ground. Between 
A and earth, G, there will be an electrostatic field due 
to the potential E,. Some of the electrostatic lines 
between A and G will terminate on B, imparting to it 
a certain charge and therefore a potential above ground. 

For an approximate solution, with the total number 
of lines of force between A and G known, a parallel 
plate condenser may be substituted for line and ground 
having the same number lines of force between its 
plates as pass from A to G, when the plates are at a 
difference of potential H,. Inthe same manner, con- 
densers may be inserted between A and B, and B and G. 
The capacities of such hypothetical condensers are 
known as the capacity of A to ground, A to B, ete. 
Thus, Fig. 1 may be replaced by Fig. 2. This facili- 
tates the derivation of the induced potentials. Calcu- 
lating the impedances of the circuit involved, the 
charging currents and the potentials may be found. 

On a three-phase power system, the conditions are 
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similar provided the phase voltages are unbalanced. 
Ordinarily, the configuration of the wires of the 
transmission line and the location of the super- 
visory line will be such that the electrostatic field 
resultant of the three phases, when the voltage is 
balanced, is small. 


If a fault occurs on the transmission line so that 
the voltages are no longer balanced, there will be a 
pronounced electrostatic field causing an induced 
voltage to appear on the control line. If the substitu- 
tion of condensers is made as outlined in Fig. 2, the 


se Vy=-kE, 


Fic. 3—DisrrisuTion or PotrentTiaAL on Linge IsoLATED FROM 
GROUND 


distribution of charging currents and the induced volt- 
ages set up in the control line may be derived. The 
maximum induction takes place when a ground fault 
occurs on one phase of the transmission line. 

The presence of grounded conductors near the control 
line will materially reduce the induction due to the 
increase in the capacity to ground of the control line, 
Cgc, in Fig. 2. By far the most effective manner 
of shielding the control line against electrostatic 
induction due either to the transmission line or 
lightning is the running of the line in metallic 
sheathed cable with the sheath grounded. The line 
is then immune to such influences. 

The lead sheath of a cable, unfortunately, does not 
provide a perfect shield against electromagnetic induc- 
tion, although it may reduce its effect appreciably. 

Consider a single-phase transmission line with ground 
return and a neighboring control line consisting of a 
single isolated wire paralleling the transmission line. 
When the current enters the earth from one elec- 
trode, most of the current flows at a great depth. 
In order to make the calculations. practical, it is 
necessary to assume a current path confined to a 
horizontal plane somewhere in the earth, the distance 
between it and the line being such that the flux included 
in the theoretical area so formed is of the same value as 
that actually generated by the transmission line current. 
This theoretical current-carrying plane is called the 
equivalent ground plane. 

' Having established what the circuit shall be, it is 
possible to proceed to the methods of calculating the 
electromagnetic induction. Under the above assump- 
tions it can be shown that the e. m. f. induced in a 
unit length of control line is expressed by this formula: 


e = 0.00466 x f x log (+ ) 
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e is the induced voltage per mile of exposure per 
ampere of current in the disturbing transmission line. 

f is the disturbing frequency. 

h is the height of the disturbing line above the equiva- 
lent ground plane. 

dis the spacing between lines expressed in the same 
units as h. 

Experience shows that in most cases, the maximum 
depth that may be expected is approximately 500 
ft., so that calculations made with this value for h 
give in nearly every case values of induced voltage 
which are amply high. 

Hence, the equation for induced voltage may be 
written: 


1000 . 
e = 0.00466 f (log oral) volts per ampere mile, 


where d is in feet. 

After establishing what the induced e.m.f. is, 
the control line may be considered as a_ circuit 
containing reactance and resistance depending upon 
the constants of the line, and a source of potential 
whose e. m. f. is the induced voltage. 

In order to determine the potential to ground due to 
electromagnetic induction, consider the disturbed line 
by itself, with a source of e.m.f., Hs induced in it. 
If the control line is totally isolated from ground, the 
current which flows is chiefly a charging current. 

The voltage between line and ground at any point is 
dependent upon the capacity between line and ground. 
If this capacity is evenly distributed, it is apparent 
that the potential to ground, Vz will be distributed as 
in Fig. 3. 

The voltage to ground at the middle of the exposure 
is zero at each end of the line it is 4 Hs. 

If the control line is grounded at one end but open at 
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Fig. 4—DisrrisutTion or PorTentiaL oN Linr GROUNDED AT 
OnE END 


the other, the Vz of the grounded end is zero and the 
total voltage is thrown on the open end. (Fig. 4). 

If the line is grounded at both ends, a short circuit 
is thrown on the induced e. m.f., Hz. <A current will 
flow determined by the impedance of the circuit. 
Assuming zero ground resistance, the current is 


Ez 

Zz 

In this case the voltage to ground of the line is zero, 
and therefore grounding the line at both ends of the 
exposure is the best safeguard against overvoltage. 


This cannot actually, be done but can be accomplished 
in effect by connecting protectors between line and 
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ground at or near the ends of the line. If the induced 
voltage is high enough to discharge the protectors— 
about 350-500 volts—the line is effectively grounded 
for the duration of the fault on the transmission line. 
If the induction is not sufficient to break down the 
protectors, the potential on the line will distribute 
itself as in Fig. 3, but no damage will result. 


The current which the protectors may be called upon 
to pass under fault conditions in the transmission line 
may reach high values for an appreciable duration of 
time, which requires extremely sturdy arresters. 


In the foregoing, it is assumed that the fault in the 
transmission line is at one end of the exposure, so that 
the direction of the induced voltage is everywhere the 
same. Should the accidental ground on the power 
line occur anywhere between the ends, (for instance 
near the middle of the parallel), current will feed into the 
fault from both sides. These currents will be in oppo- 
site directions; hence the e.m.fs. induced in the 
sections of the control line on either side of the fault 
will be in opposition. The current which then flows in 
the control line ground loop when the protectors at 
the ends discharge will be a function of the resultant 
e.m.f. in the line. If the fault should occur midway 
between power sources of equal capacity, the resultant 
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e.m.f. is zero and no current flows. This does not 
mean that no voltage to ground appears on the control 
line. The two induced e. m. fs. oppose each other and 
the line has distributed capacity to ground. Therefore 
a voltage will pile up on the control line at a point 
opposite to the fault on the transmission line. This 


voltage may reach a considerable value, and if such is © 


the case, a protector at or near that point is desirable. 
If a fault occurs somewhere within the parallel, the 
situation is as pictured in Fig. 5. 

Z, and Z, are the impedances in the lines J, and I2, 
the currents, and C, and C, represent the distributed 
capacities. The voltage to ground, Vz at the fault 
location willbe V = #,— I, Z, = FE, + I: Zs, 2. €., less 
than the greater of the induced e. m. fs. but more than 
the smaller. 

The voltage distribution will be as in Fig. 6. 


a = is the point opposite the fault in transmission 
line. 

ab = Fi. 

bc = Ep. 

ac=a'c' = E,— E, = 1 Zin the line. 
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When the protectors discharge, there can be no poten- 
tial to ground at a’, so the ground potential will take the 
position oc’. The voltage to ground at a will then be 
V =bd. The ordinates between o b and o c’ represent 
the distribution of the voltage to ground along one 
section; those between 6 c’ and o c’ that along the other. 

The above discussion has dealt with a single-phase 
ground return power line, such as a railway trolley. On 
a three-phase system where the voltages are balanced, 
there will not be any magnetic field to speak of, and no 
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induction is to be expected on the control line. If the 
voltages are unbalanced, unbalanced earth currents 
will flow and an e.m.f. will be electromagnetically 
induced on the control line. 

Electromagnetic induction from ungrounded systems 
is usually not severe. If an accidental ground occurs on 
one phase, the line currents will be unbalanced, a high 
voltage will appear between the ungrounded phases 
and ground, and a certain ground current will flow. 
This current is generally small. The induction is 
heavy only for high line voltages and long exposures or 
in such extreme cases as a double fault on two phases. 
Ordinarily, therefore, the induction on supervisory 
cables used in conjunction with ungrounded systems 
will not be hazardous when the fault occurs on one phase 
only. 

However, on systems with a grounded neutral, high 
voltages may be induced, as heavy fault currents will 
flow in the case of an accidental ground. Since it is 
difficult to lay down a general solution for the pro- 
tective problem, each installation consisting of power 
and control line presenting an individual question, it 
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may be well to work through a hypothetical case in 
order to clarify the matter. The calculations made 
will serve as an indication of what may be expected and 
as a guide to the methods to be applied in the investi- 
gation of actual installations. 
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With this in view, consider a system as depicted in 
Fig. 7. In Fig. 7, B and C are two hydroelectric 
stations operated by supervisory control from a third 
station, A. These stations feed power into a system 
at 60 cycles through a 33,000-volt line, with the neutral 
grounded at each station. The generators and trans- 
formers at A, B, C have reactances of 20 per cent and 
10 per cent, respectively. The capacities of A, B, and 
C are 15,000-, 5000-, and 6000-kv-a. The transmission 
line is No. 00 B&S. gage copper with a triangular 
spacing of 836in. Bis 4 mi. from A, and C is 5 mi. from 
B. The supervisory line is a cable spaced 15 ft. from 
the transmission line. It consists of 10 pairs of No. 19 
B&S. wires running between A and B and 10 pairs 
from A toC. Thecable between A and B thus contains 
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20 pairs of wires. At each end of each line, each con- 
ductor is connected to earth and cable sheath through a 
protector. 


Then e = 0.51 volts per ampere-mile and the problem 
resolves itself into a calculation of the ground current. 

Let us first assume the fault,—a ground on one phase,— 
to be at B. The calculations are easily made by the 
phase sequence method, following the procedure 
described by R. D. Evans (see bibliography). 

Suppose the protectors have broken down so that 
A — Bis grounded at A and B and the line from A to C 
at AandC. Then the currents induced will be: 


ig ad 1530 ety 

AB’ = 750 qq — 8.7 amperes. 
} 490 is 

AC 9x 44 — 1-2 amperes. 


Because of the fact that the e.m. fs. induced in 
A— Band B -— Care in opposition, a voltage to ground 
will exist on the line A — C, with a maximum at B. 
This voltage is indicated by Fig. 8. 

The voltage at Bise f = 1810 volts. 


Because the line A — B has protection at B, its 
voltage to ground at B is zero and, therefore, there may 
be a potential of 1810 volts between the conductors of 
the line A B and those of the line A— C. This isa 
hazard. Consequently, in this case, protectors should 
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be installed on the line A —C at or near B. The 
voltage H#.F will then collapse. The protectors on 
A — C at B will be called upon to discharge a current 
of 


1530 
4 x 44 


1040 


a rere 


= 13.5 amperes. 


While the above described example may serve to 
indicate the nature of the induced voltages, much 
higher ones may exist, particularly where large con- 
nected systems can feed into the ground fault, thus 
causing the flow of very heavy ground currents. On 
the other hand, there are fortunately certain conditions 
which act to reduce the electromagnetically induced 
voltage so that the results obtained for the particular 
case calculated are possibly pessimistic. The proxim- 
ity of grounded conductors exerts a shielding effect. 
The use of an overhead ground wire, or a neutral wire 
on the transmission line, may reduce the induction 
considerably, since an appreciable part of the fault 
current will flow through this wire instead of through | 
the earth, whereby the area of the disturbing loop, _ 
and therefore the inducing flux, are considerably 
decreased. The cable sheath itself, if well grounded, 
may be a potent reducer of induced e. m.f. The cable 
sheath acts as a short-circuited damping turn. The 
degree of damping which it exerts depends upon the 
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phase angle of the sheath. For effective shielding, it is 
important that the reactance of the sheath ground loop 
be as high as possible in comparison to its resistance. 
Where the sheath resistance is appreciable, the shield- 
ing effect will be small. In the case of the 20-pair cable 
between A and B, in Fig. 7, the sheath resistance is 
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4.2 ohms per mile, while the 60-cycle reactance is 1.2 
ohms per mile. Hence, the phase angle and the shield- 
ing effects are quite small. For larger cables, where the 
sheath resistance is lower, the shielding effect is much 
greater. ‘To obtain the best shielding effect, telephone 
cables have been constructed in which a shell consisting 
of a number of copper wires is located next to the lead 
sheath, these wires being solidly grounded at each end 
of the cable; also, with iron hoops around the sheath 
to increase the reactance. If shielding of this kind is 
resorted to, it is theoretically possible to forego entirely 
the use of protectors. 

A special protector has been developed for use on 
supervisory control circuits to relieve lightning voltages 
and with sufficient capacity to discharge the heavy 
currents of comparatively long duration which may be 
caused by induction. The essential element of this 
device is a spark-gap of particular design, enclosed in an 
atmosphere of inert gas at a reduced pressure, to give 
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a low breakdown voltage. The gas used permits of 
large energy discharges without undue injury to the 
electrodes which are of arc-resisting material. The 
breakdown voltage of the gap is of the order of 350 to 
500 volts. The protector has four electrodes equally 
spaced from each other, so that several lines may be 
protected simultaneously. 

The complete protector consists of the bulb herein 
described, mounted in a steel box with a pair of low- 
voltage, low-capacity fuses, and a terminal block. 
This device is shown by Fig. 9. 

The protector bulb is capable of discharging light- 
ning voltages of any order except direct strokes nearby, 
and will handle many times discharges of 50 amperes of 
two seconds’ duration. It will take care of heavier 
discharges, but at a sacrifice of length of life. It will 
discharge several hundred amperes, thereby keeping the 
voltage on the line below hazardous values even if it is 
destroyed by so doing. 


Abridgment of 


Vector Calculating Devices 
BY M. P. WEINBACH: 


Associate, A. I. E. EK. 


Synopsis.—In the analysis or solution of a-c. problems, it is 
frequently necessary to convert vector quantities from the exponential 
or polar form into complex numbers, or vice versa. This paper 
describes: 

a. A device by means of which such conversions may be per- 
ormed mechanically. 

b. A device by means of which vector quantities expressed 


exponentially may be added or subtracted without prior conversion 
into the complex numbers. 

c. A slide rule with trigonometric and hyperbolic scales so 
disposed that conversions of vector quantities from one mathematical 
form into another, or the evaluation of trigonometric or hyperbolic 
functions of complex variables may be obtained with ordinary slide 
rule ease and rapidity. 


HE object of this paper is to describe some mechani- 

T cal devices which may be used to simplify vector 

calculations and thus save time and economize in 
mental labor. 

It is well known that harmonically varying voltages 
and currents may generally be expressed in three 
mathematical forms. Each of the three expressions 
leads to a distinct physical interpretation and is con- 
veniently adapted to particular processes of analysis or 
calculations. Thus, the expression V sin w ¢, fora 
harmonically varying voltage, and J sin (wt + @) 
for a similarly varying current, visualize the sinusoidal 
variations of the respective quantities. They are 
clearly well adapted to the analysis of problems 
in which instantaneous values are of particular sig- 
nificance. 

1. Professor, Elec. Engg., University of Missouri, Columbia, 
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The exponential forms V e’” and I e’““'*® visualize 
harmonically varying voltages and currents, respec- 
tively, as vectors of definite lengths, either maxima or 
more generally effective values, rotating in a plane at 
uniform angular velocities w radians per second. The 
angular positions of the respective vectors at any 
instant with reference to the particular instant when 
t = 0 fully define the magnitude of their instantaneous 
values. ‘These exponential expressions for harmonically 
varying quantities are adapted to the mathematical 
processes of differentiation and integration. 

If instead of instantaneous, the maxima or effective 
values are the significant quantities in the solution of a 
particular problem subject to analysis, the concept of 
vector rotation may be completely ignored, instan- 
taneous time positions of the vectors discarded, and the 
vectors merely referred to one or the other in time 
phase. Under such conditions, voltage and current 
vectors may be expressed by V e’” and I e’°, respec- 
tively, when the current is referred to the voltage in 
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phase. ‘These exponential or polar expressions visual- 
ize the vector quantities as vectors in fixed positions in a 
plane. Thus, a translation from time to space vectors 
has been effected, but the angle 9 must be thought 
of as actually a time-phase angle. These expressions 
for harmonically varying voltages and currents give 
actual numerical values of the vectors and their time- 
phase relationship with regard to a particular one, 
conveniently chosen as a reference. They lend them- 
selves with great facility to the mathematical pro- 
cesses of multiplication, division, powers, roots, and 
logarithms. 

The translation of time vectors to space vectors, as 
indicated above, led to the well-known graphical method 
of solution of a-c. circuit problems. The graphical 
method, however, becomes more or less complicated 
when applied to the solution of complex circuits. Its 
degree of accuracy depends upon the exact laying off of 
vectors with regard to magnitude and angular phase 
with respect to one another. The introduction of the 
algebraic method, involving the complex number of the 
form a + 7 6, expressing a vector quantity in terms of 
its components along the axes of the Cartesian system 
of coordinates, eliminates the inaccuracies inherent in 
the graphical method, but frequently at the expense of 
more time in arriving at the solution of the problem. 

The complex number is the most generally used 
mathematical expression for vector quantities. .Itis the 
only vector expression that lends itself to the processes 
of addition and subtraction, subject to the algebraic 
laws governing complex numbers. Its universal appli- 
cation to the operations just mentioned has led to the 
stating of currents, for instance, not in terms of actual 
values and phase angles, but in terms of their com- 
ponents in phase with or in quadrature to the voltage 
producing them. It has led to the stating of im- 
pedances and of admittances not in terms of their 
actual values and phase producing angles, but in terms 
of their respective components. All this in spite of the 
fact that in direct tests, actual vector values are usually 
measured and not their components. 

While for purposes of algebraic additions it is nec- 
essary to use the complex number, a vector quantity 
should always be stated in terms of polar or exponential 
expressions, since these give actual values as to quantity 
and phase relation. It follows, therefore, that con- 
versions from one form to the other are essential and 
must frequently be made. 


The addition of two vectors expressed as exponentials, 
and the reconversion of their sum into the exponential 
form, demands the looking up of five trigonometric 
functions, four multiplications, three additions, two 
squares, one square root, and one division, a total of 
sixteen operations. Obviously, in complex problems, 
the solution of which demands other mathematical 
operations than a single addition, the calculations 
become tedious and quite time consuming. 

Fig. 1 shows a device for the rapid conversion of 
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vector quantities from the exponential form to their 
equivalent complex numbers and vice versa. 

The principle of the instrument is simply a mechanical 
generalization of the graphical solution of a right 
triangle. 

Fig. 3 shows a device by means of which vectors 
expressed exponentially may be added or subtracted 
mechanically without, resorting to conversion/!into 
complex numbers. Like the device shown in Fig. 1, 


Fie 1—Devicze ror CoNVERSION OF (a+ 7b) 
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this one is a mechanical generalization of the graphical 
solution of any triangle. 

There is no particular novelty in the principles 
involved in these two calculating devices, possibly some 
in the structure and manipulation. Both have been 
used by the author and his students and have been 
effective economizers of time in the solution of a-c. 
circuit problems. 

The Vector Slide Rule. Regarding accuracy, ease of 
manipulation, and convenient portability, neither of the 
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devices described above compares advantageously with 
the calculating device commonly known as the slide 
rule. The fundamental principles embodied in the 
ordinary Mannheim slide rule may be directly and 
effectively applied to plane vector operations, provided 
that suitable scales are chosen. 

Fig. 7 shows such a slide rule. Like the ordinary 
slide rule, it consists of a body, a sliding member, and a 
running hairline indicator. On the upper part of the 
body there are three scales. Two of these scales are 
marked S. The first of these scales in conjunction with 
the regular scale D on the lower part of the slide rule 
gives the sines of angles from 5.7 deg. to 90 deg. The 
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from the complex form into equivalent exponentials. 

6. For the rapid conversion of vector quantities from 
the exponential form into equivalent complex numbers. 

Thus to convert, for instance, 8.5 e”*? deg. into its 
equivalent complex number, since the real component 
is 8.5 cos 24.3 deg., set the hair line on scale S at 90 
deg. — 24.3 deg. = 65.7 deg. This gives on scale D 
cos 24.3 deg. Set index of scale C under the hairline 
and move indicator hairline to 8.5 on scale C. The 
product 8.5 cos 24.3 deg. = 7.74 is read under hairline 
on scale D. The operation is identical for the deter- 
mination of the imaginary component 8.5 sin 24.3 deg. 
So auGy, 
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second, gives in conjunction with scale D the sines of 
angles from 0.7 deg. to 5.7 deg. The third scale 
marked T gives in conjunction with scale D the tan- 
gents of angles from 5.7 deg. to 45 deg., and cotangents 
of angles larger than 45 deg. Beneath scale D there is 
an inverse scale marked C I on which may be read, in 
conjunction with scale 7, the tangents of angles larger 
than 45 deg. and the cotangents of angles smaller than 
45 deg. Since tangent values of angles less than 5.7 
deg. are sensibly equal to the sines, the scale marked S 
for these angles may also be used as a tangent scale 
without serious error. 

On the sliding member of the rule, there are four 
scales; the upper one, marked Th, gives in conjunction 
with the regular scale C on this member, the hyperbolic 
tangents (tanh w) for hyperbolic angles of value 
u = 0.1 tou = 3.0 hyperbolic radians. The next two 
scales marked Sh give in conjunction with scale C, 
the hyperbolic sines (sinh w) for hyperbolic angles 
u=0.1 to u=3.0 hyperbolic radians. Since the 
hyperbolic tangent is sensibly equal to the hyperbolic 
sine, and both sensibly equal to the hyperbolic angle 
itself for angles less in value than w = 0.1 hyperbolic 
radians, scale C gives directly the hyperbolic angle, and 
also the hyperbolic sines and tangents for values of u 
less than 0.1 hyperbolic radians. 

This slide rule, with the scales as indicated, may be 
used for the following operations: 

1. Usual slide rule multiplications and divisions. 

2. Inlieu of trigonometric tables. 

3. In lieu of hyperbolic tables for values of hyper- 
bolic angles to 3.0 hyperbolic radians. 

4. To evaluate exponential functions e 
values of wu = 3.0. 

5. For the rapid conversion of vector quantities 


ee AN OeemLO 


To convert a complex number of the form a + 7), 


b 
note that iam tan 0 
and A= ae 
sin 6 


where A is the numerical value of the vector and @ is 
its angular phase position with reference to the positive 
horizontal. Therefore, two simple divisions may re- 
place the six operations involved in the determination 
of the vector value by the usual method 

Ae? = fa? + BP? ef #1 b/a 

To convert, for instance, the complex number 
4.55 + 73.72 by the use of the slide rule into its 
exponential equivalent, set hair line on 3.72 scale D. 
Move the sliding member to bring 4.55 on scale C 
under the hair line, then the tangent of the phase angle 
is given on scale D, and the angle 6 = 39.2 deg. is read 
on scale T opposite the index of scale C. 

To get the vector value A, set hair line over 39.2 deg., 
scale S, bring 3.72 on scale C under the hair line, and 
read the value of A = 5.88 on scale C, opposite index 
of scale D. 


7. This slide rule may be used most effectively to 
evaluate hyperbolic or trigonometric functions of com- 
plex variables into equivalent plane vectors, either 
expressed exponentially or in terms of complex num- 
bers. Such functions are frequently met in physical 
problems in which quantities involved are subject 
simultaneously to trigonometric and hyperbolic laws of 
variation; 7. €., they are growing or attenuating hyper- 
bolically and simultaneously alternating harmonically. 
The mathematical expressions for such quantities in- 
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volve hyperbolic functions of the forms sinh (wu + 7 4), 
cosh (w+ 7 6) and tanh (uw +7 0), or trigonometric 
functions of the forms sinh (6 + 7 u), cos (6 +97 wu) and 
tan (9 +7), in which @ is a circular angle, generally 
stated in circular radians, and wu is a hyperbolic angle 
stated in hyperbolic radians. 

The ‘Kennelly Tables’ give the vector values and 
the equivalent complex numbers of the above mentioned 
functions for values of wu in steps of 0.05 and values of 6 
in steps of 4.5 deg. Double interpolations are neces- 
sary, however, if the values of wu and @ differ from those 
given in the tables. 

For example, the numerical evaluation of the sine of 
such complex functions may be accomplished by either 
one of the following calculations: 
sinh (u + 7 @) 
= ¥/ (sinh w cos 6)? + (cosh wu sin 6)? ¢7 77? (@n 2/tanh w) 

= 4/ cosh? u — cos? 6 e7 7? (tan 9/tanh w) 
us / sinh? u + sin? 6 e tan-! (tan @/tanh a) 

The first of the above expressions involves the looking 
up of three hyperbolic functions, and four trigonometric 
functions, two multiplications, one division, two 
squares, one addition, and one square root, a total of 
fourteen operations. By the last two, the numerical 
evaluation of the function is reduced to ten operations. 

The reason for avoiding such functions which are met 
in the solution of electrical transmission problems, and 
the preference generally given to approximate methods, 
is very evident. It takes quite an appreciable time and 
mental labor to evaluate even a single function. 

The slide rule described above affords rapid calcu- 
lation of any such functions for any value of u between 
the limits of 0 and 3.0 and for any value of 0. The 
circular member j 6 may be neglected when the hyper- 
bolic angle is larger than 3.0 hyperbolic radians, be- 
cause sin? @ is insignificant in comparison with sinh? w. 

The application of the slide rule for calculating the 
hyperbolic sine or the trigonometric sine of complex 
functions is fundamentally based upon the fact that the 
numerical value of the function is 1/ sinh? u + sin? 0. 

This may obviously be thought of as the hypotenuse 
of a right triangle whose other two sides are sin 6 and 
sinh uw, as shown in Fig. 8. Referring to this figure, we 


sin 6 

note that eerie Bee 1101 CV 
sinh w 
sinh wu : 
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Hence the hypotenuse of the triangle is 


sinh w 
sin 6 


sin 0 
sin @ 


4/sinh? u + sin? @ = 


Similarly, the numerical value of the function 


2. “Tables of Complex Hyperbolic and Circular Functions,” 
A. E. Kennelly, Harvard Univ. Press, 1914. 


WEINBACH: VECTOR CALCULATING DEVICES 


339 


cosh (u +7 6) is / sinh? u + cos? 6. It may also be 
thought of as the hypotenuse of a right triangle, whose 
two other sides are sinh u and cos 0, as shown in Fig. 9. 
Referring to this figure it will be seen that 


cos 6 


ies 
sinh uw re 
or oes ae ae an 


whence the numerical value of the function is 


4/sinh? wu ce cos? 6 = cae : = 
sin d 


sinh u 
sin y 


It is easily seen from the above that theminimum of 
six operations necessary to obtain the numerical values 
of either the sine or the cosine functions are reduced to 
only two simple slide rule divisions. The four opera- 
tions necessary to determine the angles associated with 
the numerical values of either function are similarly 
reduced to only a single slide rule division 


tan 6 


tanhu — tan 6 


the angle 6 being read directly on scale T. 
To illustrate the above, consider the function 
sinh (1.25 + 71.1) = sinh (1.25 +) 63 deg.) 


sin 63 deg. 
sinh 1.25 ” 


set hair line on 63 deg. scale S._ Bring 1.25 of scale S h 
under the hair line; tan @ is then read on scale D, and 
the angle a = 29.1 deg. is read on scale T at the index 
of scale C. 


Since tana = 


sin 63 deg. 
sin 29.1 deg.’ 


set hair line on 68 deg., scale S; bring value of sin 29.1 
deg. on scale C under hair line, and read the numerical 
value 1.833 of the function on scale D at index of 
scale C. 

To obtain the angle associated with the vector value 
of the function, since 


Since 1/ sinh? 1.25 + sin? 63 deg. = 


tan 68 deg. 


tan 0 =. "oh 1.95 


1 
Pitan? deg. X tanh 1.25 


the value of the angle may be obtained directly by slide 
rule operations dictated by either of the above equa- 
tions. Thus using the second equation, set index of 
scale C at 27 deg. scale 7; move hair line to 1.25 scale 
T h, then (tan 27 deg. X tanh 1.25) is given on scale D, 
its reciprocal on the inverse scale C J, and the corre- 
sponding angle 66.6 deg. on scale T. The vector value 
of the function is therefore 


sinh (1.25 + 71.1) = 1.833 e%*°6 deg. 
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The function cosh (1.25 + 7 1.1) is evaluated in the 
same manner. ‘Thus, referring to Fig. 9, since 
Pes cos 68 deg. sin 27 deg. 
an OS sinh 1.25 ~ “sinh 1.95 
set hair line on 27 deg. scale S. Bring 1.25 of scale Sh 
under hair line, and read angle ¢ = 15.8 deg. on scale 


@ $0) 
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Fics. 8-9—PRINCIPLE OF SLIDE RULE FOR EVALUATING 
Sing (wu + 7 6) AND CosH (wu + 7 9) ° 


T at index of scale C. Then since the numerical value 
of the function is 


cos 63 deg. sin 27 deg. 
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set hair line on 27 deg. scale S. Bring value of sin 
15.8 deg. on scale C under hair line and read value 1.663 
of the function on scale D at index of scale C. The 
angle associated with the vector value of the function 
may be calculated either by slide rule multiplication 
represented by the equation 


tan p = tan 63 deg. X tanh 1.25 
or by the slide rule division 


tanh 1.25 _ 
tan 27 deg.’ 
the value of p = 59 deg., being read directly on scale T. 
The vector value of the function is, therefore 
cosh (1.25 + 71.1) = 1.668 e’* deg. 


The hyperbolic tangent of the function may now be 
obtained by direct slide rule division as indicated by 
the following operation 


tan p = 


1.833 e766 deg. 
1.663 e759 deg. 


1.11 e776 deg. 


tanh (1.25 + 7 1.1) 


Abridgment of 
Magnetic Leakage and F ringing Flux 
Calculations — 


BY WALTER L. UPSON: 
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Synopsis.—The object of this paper is the development of an 
empirical method of determining leakage and fringing fluxes 
in an electromagnetic system. Certain assumptions are made; 
namely, (a) the reluctance of the iron parts of the magnetic circurt 
are negligible as compared with that of the air-gaps; (b) the leakage 
and fringing components of the flux follow paths of convenient 
geometric shape. 

Formulas are derived for leakage and fringing fluxes as per- 
centage of the main flux which crosses the gap from the pole face, 
for two cases, (1) a pole core of circular section and (2) one of 
rectangular section. Calculations of these fluxes, in percentage 
of the main flux, are given over a convenient range of gap lengths, 
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and 


coil lengths and distance of coil from pole face. It is seen that 
both leakage and fringing depend to a considerable extent on all 
these factors. Calculations are made to determine the flux density 
at various points along the core length and these show a wide varia- 
tion in density in accordance with the dimensions of the magnetic 
circuit. An experimental check was made of certain of the calcu- 
lated results, and the agreement obtained was as close as could 
be expected, the derivation being within the limits of error of 
observation. 

The paper 1s not a complete discussion of the subject but it is 
hoped to develop it still further in a subsequent paper. : 


lating fluxes produced by a solenoidal winding on 
aniron core. It is assumed that there is a definite 
air-gap in the magnetic circuit and that the reluctance 
of the iron portions of the path is negligible in compari- 
son with the reluctance of the air-gap. This assump- 
tion of negligible iron reluctance is admissable where 


r \HIS paper outlines a practical method of calcu- 
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low or medium magnetic densities are involved, but 
the method may also be utilized with advantage when 
densities are high. 


The general plan is illustrated in Fig. 1, in which one 
sees a core surrounded by an exciting coil. There are 
two equal air-gaps, one at each end of the core, and the 
main flux passes across the gaps into large iron plate 
armatures. These armatures are assumed to be at 
the same magnetic potential as they would be if the 
magnetic circuit were completed through a path of 
zero reluctance. 


The entire drop of magnetic potential is then taken 
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as occurring across the two gaps. If the coil is con- 
sidered as composed of two half-coils, each half-coil 
may be assumed to provide the magnetomotive force 
required to send the flux across one gap; and the amount 
of flux which crosses the gap is 


pole-face area 


od aaa gap length 


where WM is the magnetomotive force of the half-coil. 
The half-coil is assumed also to set up leakage flux 
which passes from the core sides to the midplane as 
shown on the right-hand side of the figure, the lines 


continuing on into the core sides under the influence of 
the other half-coil. In addition to leakage, the half- 
coil sets up the so called fringing flux which passes out 
from the coil-side into the armature as shown on the 
left-hand side of the figure. While the magnetic lines 
of force do not follow accurately the paths as shown, 
they do behave in some such manner, and the calcu- 
lation based upon such a conveniently chosen set of 
curves yields results which are substantially correct. 

We may then confine the calculation to a single 
air-gap and a half-coil as shown in Fig. 2. Let the 
pole core be circular in section of radius 1, in any 
desired units, such as inches or centimeters. 


Let h = height of the half-coil, 
n = distance from the pole-face to the coil, 
g = gap length, 


t coil thickness. 
The problem is to calculate (1) the leakage flux, ¢1, and 
(2) the fringing flux, @r, both in percentage of the 
main flux, ¢,, which goes directly across the gap. 
Each of these fluxes may be divided into two parts; 
one, that which passes through the coil, and the other, 


that which leaves the core side beyond the coil. Then 
gu = ot’ + Ox” 
br = dr’ = pr’ 


Calculation of $1’, the leakage flux which passes 
through the coil (Fig. 2): This flux is assumed to follow 
the path, l,’, straight across the coil of thickness, ¢, 
then along a circular are of radius, x. The length of 


thispathis J,’ =t+ => ao 
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The area of the elementary cross-section of width, dz, is 
da =n (1t+ 4-442 ) ae 


which is an approximate average area over the entire 
length /y’. 


an(1t+ +t ) a 


Then? Wo; = oe < 2 
{pee 
2 
where aad aa that portion of the magnetomotive 


orce which acts to send flux along the path,.x. The 
flux $1’, expressed as a percentage of the main flux, 
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If ¢ is negligible in comparison with h, (1) reduces to 


nov = 42(144) 


(2) 


Similar developments give the following equations 
for the fluxes 1”, dr’ and or”. 
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LEAKAGE AND FRINGING FLUXES FROM RECTANGULAR 
CORES 
Formulas for these important cases are derived in a 
manner exactly analogous to those for the round cores. 
1. Percentage leakage flux through the coil is, 


1 [ (24444 01-4 42h) 


a ie (1 +37) ] 


If the core section is square, this becomes 


e[(e 


y lS A i 
=< 


If ¢ is negligible in respect to h, these two equations 
become, respectively, 


% or! = 9, (2d +44 2h) 


and % bu! = ae (8 + 2h) 


2. Percentage leakage flux beyond the coil end is: 
Pe wi des 
% cr, 2E [an +d +2) log (1+ ; )] 
If the core section is square, this becomes 


% or” = | 2n44log(1+ 4) | 
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3. Percentage fringing aes through the coil is: 


‘oon 20 (0 
a a) (14 oar) | 

where A=g+—-n 

and B=2n+d +7 + 2. 

If the core section is square, this becomes 

% bx’ = _[(n-B+44)+(B8- 44 


TABLE I 


PERCENTAGE LEAKAGE AND FRINGING FLUXES FOR 
ROUND-CORE MAGNETS 


k= 
g 0.01 0.03 
n Ost 0.5 1 0.1 0.5 1 
% OL 0.012 0.019 0.027 0.035 0.057 0.08 
% PEF 0.06 0.07 0.077 0.14 0.167 0.19 
g 0.06 0.1 
% oy 0.071 0.114 0.16 0.116 0.118 0.265 
% OF 0.228 0.282 0.326 0.321 0.404 0.861 
hee 
g 0.01 0.03 
% OL 0.022 0:027 0.033 0.067 0.081 0.098 
% or 0.088 0.081 0.091 0.223 0.214 0.231 
g 0.06 0.1 
% oy 0.134 0.163 0.197 0.263 0.284 0.342 
% or 0.402 0.375 0.408 0.62 0.558 0.612 
is 
g 0.01 0.03 
% ou 0.031 0.035 0.04 0.093 0.107 0.122 
% OF OxLt 0.107 0.112 0.291 0.279 0.294 
9 0.06 0.1 
% PL 0.188 0.214 0.245 0.336 0.378 0.43 
% oF 0.535 0.504 0.532 0.84 0.761 0.822 
| 2AB 8 A? ) to (eee 
wh rh 8 2A 
7 
where A=gt 3 
and B=7+2n+4. 


4. Percentage fringing flux beyond the coil end is: 
Wan ae ae am 4g TN 
(bet = oy 20a Bea )tog(1+35)] 


where B=2d+27-44., 
If the core section is square, this reduces to 


% hy’ = o-[2n+(8- = aE )icn(1 et 


)] 


Tables I and II give calculated results for round- 
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and square-cored magnets, respectively. Calculations 


are made covering a wide range of values as follows: 
Gap length, g = 0.01, 0.03, 0.06, 0.1 
Coil length, h = 1, 3,5, 
Height of coil above pole face, n = 0.1, 0.5, 1. 
Thickness of coil, ¢ = 1. 


TABLE II 
PERCENTAGE LEAKAGE AND FRINGING FLUXES FOR 
SQUARE-CORE MAGNETS 


Jey al 
g 0.01 0.03 
} | 
n 0.1 0.5 1 (Qe al 0.5 1 
% OL 0.011 0.017 0.024 0.031 0.051 0.071 
% oF 0.104 0.119 0.128 0.236 0.281 0.315 
g 0.06 0.1 
os, 1 = 
% OL 0.063 0.012 | 0.143" 0.105 (HEU 0.238 
% OF 0.348 Ons7 0.439 0.534 0.671 0.78 
jf 3 
g 0.01 0.03 
% OL 0.019 0.023 0.028 0.058 0.07 0.085 
% Or 0.106 Oebt7 0.124 0.244 0.276 0.302 
g 0.06 0.1 
% Lu 0.115 0.14 | 0.17 0.192 0.233 | 0.282 
% or 0.36 0.383 0.414 0.551 0.651 0.738 
[qt 5) 
g 0.03 0.03 
% OL 0.025 0.029 | 0.033 0.075 0.086 | 0.099 
% OF 0.144 0.154 0.158 0.493 0.385 0.404 
g 0.06 0.1 
— 1 
% OL 0.151 OL 172 | 0.197 0.251 0.286 | 0.329 
% OF 0.602 0.601 0.617 0.946 1.011 1.073 
TABLE III 
g 0.01 0.03 
Point a b c a b c 
h n 


a 
a 
er 
a 
a 
j=) 
oo 
J 

aera 
S 
wo 
J 
i 
iw) 
oo 
Ne} 


5 Ord 1,141 1.106 1.037 1.385 1.276 1.074 
5 0.5 1.142 1.115 1.063 1.386 1.302 1.147 
5 1 1.152 1.125 1.079 1.416 1.332 1.194 
g 0.06 0.1 
1 (Heal 1.298 1.249 Me ala 24 1.437 1.355 1.142 
1 0.5 1.395 1.350 1.267 1.592 1.519 1.384 
1 i 1.485 1.442 1.376 1.743 1.672 1.562 
3 0.1 1.534 1.390 1.107 1.841 1.584 1.134 
3 0.5 1.536 1.455 1.248 1.827 1.690 1.352 
3 1 1.604 1.524 1.345 12939 1.806 1.510 
5 Ort 1.723 1.489 1.106 2.175 1.762 1.132 
5 0.5 1.718 1.549 1.244 2.139 1.847 1.345 
5 1 IN SCALES 1.610 1.337 2.252 1.949 1.497 
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DETERMINATION OF FLUX AND FLUX DENSITY ALONG 
THE CORE 


In the calculation of the magnetic circuit of a 
dynamo it is customary to make use of a leakage 
coefficient, such as 1.15, by which the flux entering the 
armature is multipled in order to account for the leak- 
age flux which must also be provided by the field 
ampere-turns. This factor has lent itself admirably to 
the exigencies of dynamo design, but its use has, per- 
haps, more practical than theoretical justification.. 
To apply such a factor to the design of a lifting magnet 
would give results that are far from correct. The flux in 
the core varies in amount throughout its length, with the 
result that saturation is reached at the point of maxi- 
mum density at much lower excitation than would be 
the case if the entire core carried flux represented by the 
leakage factor. 

The flux density in any section of the core may be 


obtained in the manner described: For example, let it 
be required to find the density at the point, b, in Fig. 8, 
the core section being round. By inspection it is seen 
that the core must, at this point, carry the fluxes ¢,, 
oy”, br” and those portions of @,’ and dr’ which leave 
the core below the plane of the point b. 

We have equations for the first three fluxes. To 
obtain equations for the two remaining ones, it is neces- 
sary to develop equations (1) and (6), using appropriate 
integration limits for the point in question. For equa- 
tion (1) these limits are h/2 and h, and for equation (6) 
they are 0 andh/2. Add together the fluxes mentioned 
in (2) as percentages of ¢,. 

This process has been followed for points a, b, ¢, d, 
(Fig. 8) for round cores, and the results are given in 
Table III. The value for point, d, is always 1, as this 


is the flux ¢, in per cent of itself, that is . ; 
g 
Both flux and density values may be obtained from 
Table III by multiplying any chosen value of gap flux 
or gap density by the factorsin the table. For example, 
let the gap density chosen be 40,000 lines per sq. in. 
Then for a magnet having gap length, g = 0.01, coil 
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length, h = 1, distance from pole face to coil, n = 0.1, 
the factors for the points, a, b, c, are 1.072, 1.064 and 
1.038 respectively; and the densities at these points 
are 1.072 x 40,000 = 42,880, for point, a, and 42,560 
and 41,520 for b and ¢, respectively. 

For these dimensions of the magnet it is seen that 
flux and density variation is slight; in fact, they are 
the dimensions which show least variation of all those 
given. When the gap is longer and the coil also longer, 
the variation is much more pronounced, and becomes 
increasingly important. 

A similar set of values is given in Table IV for a 


TABLE IV 
g 0.01 0.03 
Point a b Cc a b Cc 
h n 
1 0.1 1.059 1.045 1.031 1.143 1.109 1.064 
kL 0.5 AOF 1.063 1.054 1.178 1.158 1.130 
1 1 1.081 1.077 1.069 1.210 1.199 see vgs) 
3 O71 1.076 1.056 1.030 1.197 1 Ce 1.062 
3 3) 1.082 1.070 1.051 3.215 PaL79 1 Ua 12 | 
3 1 1.089 1.082 1.064 1.237 212 P26 
5 1 1.095 1.064 1.030 1.252 1.162 1.061 
5 OLS 1.10 1.078 1.050 1.266 1.201 1.119 
5 1.106 1.088 1.063 1.284 1.232 1.156 
g 0.06 0.1 
1 0 1.247 1.181 1.097 1.367 1.274 1 
1 0.5 1.324 Mnyerdad as 1.477 1 323 
1 1 1.382 1.359 1.311 eters 551 1.470 
3 LU | 1.352 1.238 1.092 535 1.355 11S 
3 0.5 1.390 1.320 1.204 30 1.484 1.292 
3 1 1.4384 1.386 1.28 673 1.594 1.419 
5 ORL 1.462 1.288 1.091 i iol 1.439 1.116 
5. 0.5 1.492 1.364 1.199 1.768 1.557 1.284 
5 1 527 1.424 1.272 1.828 1.658 1.405 
TABLE V 
Percentage 
Point Coil excitation Flux density density 
a aes) , £3,590 Liwi2 
b Live 13,120 5 Mada 
(o 175) 10,480 1.367 
d WBE 7,660 1.000 
a 1.50 12,280 1.793 
b 1.50 11,650 1.701 
c 1.50 9,360 1.367 
d 1.50 6,850 1.000 
a 1.00 8,450 1.770 
5 1.00 8,140 1.704 
c 1.00 6,560 1.370 
d 1.00 4,780 1.000 
a 0.50 4,270 Lat 2S 
b 0.50 4,155 1.670 
c 0.50 3,380 1ns57 
d 0.50 2,490 1.00 


core of square section acting upon an armature of 
similar section, and of the form shown in Fig. 7. These 
values may be satisfactorily checked by experiment. 
In order to make this check, a core was built up of 
silicon steel laminations. The dimensions of this 
magnet, on the percentage basis, were as follows: 
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Gap length, g = 0.1 

Coil length, h = 5.0 

Distance from pole face to coil, n = 1.0 
Thickness of coil, t = 1.0. 


Table V gives the test values for four degrees of 
excitation of the core, the maximum density obtained 
being 13,590 gausses. Densities were obtained by the 
usual ballistic galvanometer method. It will be seen 
that over the range of densities employed there is no 
marked effect of density upon the percentage flux varia- 
tion, which is evidence in support of the validity of the 
assumption, made at the outset, that the flux varia- 
tions could be obtained in percentage of main flux in 
the gap, independent of density. 

For comparison of test and calculated values we have 
the following results taken from Table IV and averaged 
from Table V. 


Point Observed (av.) Calculated Per cent variation 
a OS mee 1.828 + 0.035 
b 1.697 1.658 — 0.023 
6 1.365 1.405 + 0.030 
CONCLUSIONS 


The present paper is intended to cover only a portion 
of the work on magnetic-circuit calculations on which 
the authors are engaged. Magnetic-flux calculations 
are almost of necessity empirical, and the method here 
given is decidedly so. ; 

No attempt is made to apply it to the complicated 
shapes that are usual in electrical machinery, that work 
being reserved for later consideration. Only such 
practical tests have been made as were deemed neces- 
sary to demonstrate that the calculated results were 
substantially correct. 

The method here presented is of interest, therefore, 
largely as exhibiting flux variation and density varia- 
tion in cores, as affected by air-gap length, position and 
shape of the exciting coil. By dealing with the subject 
on a percentage basis, we have the great advantage of 
being free from the actual dimensions of the magnetic 
circuit. 


ELECTRICITY OUTPUT INCREASES 


The Geological Survey of the Department of the 
Interior announces in its monthly statistical table on 
power production in the United States, that the average 
daily production of electricity in February of this year 
was 236,500,000 kw-hr., or one per cent more than the 
output for January. 

The total power production for February is estimated 
at 6,858,423,000 kw-hr., as compared with 7,261,497,000 
kw-hr. for January. Although the total output for 
February was nearly six per cent less than January, 
the statement showed that the average daily output 
for February was one per cent more than for January. 
“These are illustrations of misleading statistical data 
which would be obviated by the adoption of the pro- 
posed 13-month calendar” said the statement. 
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The Reactances of Synchronous Machines 
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Synopsis.—Until somewhat recently, synchronous machine 
theory has been satisfied with a relatively few characteristic constants, 
or reactances, in terms of which the behavior of machines has been 
calculated. Present theory, however, requires many more co- 
efficients. There are now generally recognized two values edch of 
leakage, synchronous, and transient reactance, which correspond 
to the two symmetrical axes of magnetization of the armature current 
and which refer to balanced operation. Negative and zero phase- 
sequence reactances are also employed to determine operation under 
unbalanced conditions, and it is possible and desirable to distinguish 
other reactances. In view of the increasing complexity of the subject 
it 1s felt that a critical survey of it is in order and the object of the 
paper has been to provide that survey. 

The paper has been divided into two parts. Part I describes and 
treats of the subject with regard to those factors which are important 
to application or operating engineers, and to designers. In partic- 
ular, the major types of reactances which include the synchronous, 
transient, and phase-sequence reactances, are discussed. These 
quantities are defined and their methods of test outlined. It appears 
necessary to consider a second type of transient reactance; namely 
sub-transient reactance. Both reactances may be determined from 
short-circuit oscillograms as illustrated in the paper. A table is 
included which gives the numerical range of reactances for the 
various types of synchronous machines. 

Part II discusses the theoretical considerations, with a view to 
broadening and classifying existing conceptions of reactance. It 
includes the effect of external reactance on negative phase-sequence 
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reactance and the variation in this latter quantity, depending upon 
whether current or voltage is impressed on the machine. An 1m- 
portant aspect of the division of synchronous reactance into armature 
reaction and leakage reactance is discussed. Transient reactance 1s 
shown to be the difference between synchronous reactance and the 
ratio of the mutual reactance between armature and field and the total 
field reactance. Calculations are included to show that the short- 
circuit and open-circuit time constants are related to each other in a 
simple manner. 

The appendixes cover the following subjects: 

a. Application of the Principle of Superposition to Synchronous 
Machine Analysis. 

b. Replacing the Effect of Induced Field Currents by Employing 
Transient Instead of Synchronous Reactances. 

c. Significant Rotor Circuits in Addition to the Main Field 
Winding (which effect transient reactances). 

d. The Negative Phase-Sequence Reactance of a Synchronous 
Machine with Negative Phase-Sequence Voltage Impressed. 

é. Construction of Equivalent Circuits: Concept of Field Leakage 
Reactance. 

f. Calculation of Total Field Reactance. 

g. Relation of the Mutual Reactance Between Armature and 
Field to the No-Load Excitation Current. 

h. Relation Between Three-Phase and Single-Phase Reactances. 

2. Discussion of the System of Notation Used in the Paper. 


jy. Per-Unit Representation of Quantities. 
eo cokiae (eeiaar camer 


N the analysis of system. stability, and in the calcu- 
lation of the effect of short-circuits, the factors of 
interest to operating engineers are those which relate 

to the behavior of the machine as viewed from the 
armature terminals. The most significant of these 
factors are the armature reactances of machines to 
normal frequency current having any distribution 
between phases, any power factor, and whether trans- 
ient or sustained; also, in connection with transient 
components of current, their rates of decay, or 
decrements. 


Types of Reactances. The major types of armature 
reactances, then, are to be distinguished according to: 

A. Distribution; that is, the relative distribution of 
current between phases. 

Any distribution of armature current may be 
expressed as the superposed sum of three symmetrical 
components:3 

a. Balanced three-phase currents of normal phase 
rotation, or positive phase-sequence. 

b. Balanced three-phase currents of reverse phase 
rotation, or negative phase-sequence, and 


1. Both of the Genl. Engg. Dept., General Electric Co., 
Schenectady, N. Y. 

3. Reference (11). 

Presented at the Winter Convention of the A. I. H. H., New York, 
N. Y., Feb. 13-17, 1928. Complete copies upon request. 
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-c. Balanced three-phase currents of equal time 
phase, or zero phase-sequence. 


B. Method of application in time of positive 
phase-sequence currents. 


Here it is desirable to distinguish between: 


a. Steadily applied or sustained currents 

b. Suddenly applied or transient currents 

In the case of armature reactances, these differences 
are due to the transient currents induced in the rotor 
circuits when armature current is suddenly applied. 
If, as is generally so, there are closed circuits on the 
rotor in addition to the field winding, as, for example, an 
amortisseur, it is found that some of the currents in the 
rotor circuits may die away very rapidly. In order to 
distinguish between the affect of these currents and the 
affect of those which die away slowly, it is desirable to 
establish two (or more) transient reactances. The 
higher reactance, 7. e., the reactance which depends on 
currents that die away slowly, is then referred to as the 
transient reactance of the machine. The lower reactance 
may be referred to as the sub-transient reactance on 
account of its lower value. 


C. Position of the rotor with respect to axis of 
magnetization of positive phase-sequence currents. : 
When the rotor is moving synchronously, the positive 
phase-sequence current can be resolved into two 


~ 


oO 
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components, one of which magnetizes in the axis of the 
poles, and the other in the inter-polar space. Accord- 
ingly, these components are referred to as direct and 
quadrature,s and the corresponding reactances are: 


a. Direct, or 
b. Quadrature. 


Thus, to summarize, the types of armature reactance 
which have been considered so far are to be distin- 
guished according to whether they are: 

A. Positive, negative, or zero phase-sequence, 

B. Sustained, transient, or sub-transient, 

C. Direct or quadrature. 

The determination of a suitable notation for these 
reactances should depend more upon present and future 
requirements than merely upon previous practise. 

After careful consideration of the subject, it seemed 
that a consistent notation could be obtained by denot- 
ing the various types of reactance according to the 
method outlined below: 


A. Distribution. 
Armature reactances 
Positive phase-sequence x, or no subscript 
Negative phase-sequence 22 
Zero phase-sequence Xo 
B. Application in time. 
Sustained—No special indication. 
Transient—One prime, 2. e., x’ 
Sub-transient—Two primes, 7. e., x2” 
If it is desired to distinguish other degrees of tran- 
siency, additional primes may be added. 
C. Position of rotor. 
Direct x4 
Quadrature «,. 
The various armature reactances of the types dis- 


cussed are then represented by the notation shown in 
Table I. 


TABLE I 
ARMATURE REACTANCES 


zq Direct synchronous, positive phase-sequence. 
Zq Quadrature synchronous, positive phase-sequence. 


zq’ Direct transient, positive phase-sequence. 
x,’ Quadrature transient, positive phase-sequence. 
aq” Direct sub-transient, positive phase-sequence. 


Z_” Quadrature sub-transient, positive phase-sequence. 
z2 Negative phase-sequence. 
zo Zero phase-sequence. 


Synchronous reactance: The problem of determining 
the relations between fundamental components of 
armature voltage and current during steady operation 
has been thoroughly analyzed by Blondel,® Arnold,® and 
Doherty and Nickle.’ The accepted theory may be 
briefly summarized as follows: 


4. A considerably broader conception of direct and quadra- 
ture quantities is developed in Part II. 

5. Reference (13). 

6. Reference (12). 

7. Reference (8). 
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First, the balanced three-phase system of armature 
currents is resolved into two component three-phase 
systems: one in which the current in each individual 
phase reaches a maximum at the instant that the axis 
of the field pole coincides with the axis of magnetization 
of the phase under consideration; and another in which 
the current in each individual phase reaches maximum 
at the instant the axis of magnetization is in line with 
the axis midway between poles, that is, one-quarter 
cycle later. The former is called the direct component 
because it produces direct component of armature 
reaction. The latter is the quadrature component. 

Then coefficients are defined expressing the ratio of 
reactive component of voltage to armature current for 
each type of current. These coefficients are the 
direct and quadrature synchronous reactances of the 
machine. 

These reactances may be expressed either in ohms, 
or as a ratio of their reactance in ohms to normal 
ohms, where normal ohms is the ratio of normal voltage 
and current. When so expressed, they are referred to 
as per-unit reactances.’ Thus: 


reactance in ohms 
normal ohms 


Per-unit reactance = 


normal line-to-neutral voltage 


Normal ohms = — 
normal line current 


Consequently, per-wnit direct synchronous reactance is 
defined as the per-unit fundamental component of 
reactive armature linkages, due to unit sustained direct 
component of armature current. Quadrature syn- 
chronous reactance is defined similarly. The resultant 
terminal voltage is then found by subtracting the 
reactance drop in each axis from the no-load terminal 
voltage corresponding to the existing field current, 
assuming no saturation. Hence, if the machine is dead 
short-circuited at normal voltage, the reciprocal of the 
per-unit sustained armature current is equal to the 
per-unit direct synchronous reactance. 

Transient reactance. When a machine is subjected to 
a three-phase short circuit from an initial condition of 
no-load, the flux linkages in every rotor circuit must 
initially stay constant. But, since the armature current 
tends to demagnetize these circuits, it is necessary for 
the currents in them to increase, in order that the con- 
dition of constant flux linkages in each circuit may be 
fulfilled. 

This increase in rotor m. m. f. is responsible for the 
familiar fact that the initial short-circuit current of a 
machine is greater than that obtained under sustained 
conditions, after the induced direct currents in the field 
and additional rotor circuits have died away. The 
resultant armature current is calculated in terms of the 
voltage before the short circuit, as the ratio of that 
voltage to a value of reactance referred to as the 
transient reactance of the machine. 

More specifically, of course this reactance is the 
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direct component of transient reactance, since it in- 
volves only reactive or direct axis component of cur- 
rent. Thus, direct transient reactance x,’ is 


where é is the voltage preceding short circuit and 7 is 
the symmetrical component of armature current just 
after the short circuit. 

The exact interpretation of this definition would 
imply that the current 7 is to be measured asthe value 
of the envelope of the wave of symmetrical component 
of current, as projected to the instant of short circuit. 
But, in machines with closed rotor circuits in addition 
to the field, this initial value may not satisfactorily 
represent the performance of the machine on account 
of the fact that the current induced in some or all of 
these additional circuits may die away very rapidly. 
It is desirable, therefore, to establish the conception of 
transient reactance proper, as the value of apparent 
transient reactance which applies to the current varia- 


Fic. 4—D5TERMINATION OF 2g’ AND 2g” By MerrTHOD OF 


PROJECTION 


tion after the rapidly decaying components of current 
have died away. Asshown in Fig. 4, it can be obtained 
by projecting the envelope of the current wave to the 
instant of short circuit, neglecting the first one or two 
peaks. Point (b) of Fig. 4 corresponds to the transient 
reactance proper. The reactance determined by the 
projected value of the envelope of the first few peaks of 
the current wave, point (a), is then referred to as the 
sub-transient reactance. In practise, the low value of 
this reactance may be due in part to saturation in the 
leakage paths. 

Negative phase-sequence reactance. In the case of a 
machine rotating synchronously, the application of 
fundamental negative phase-sequence current gives 
rise to negative phase-sequence fundamental and 
positive phase-sequence third harmonic voltages from 
line-to-line and from line-to-neutral. The per-unit neg- 
ative phase-sequence reactance of a machine is thus 
equal to the per-unit fundamental phase voltage, or the 
per-unit line-to-line voltage, due to normal negative 
phase-sequence current supplied at the machine 
terminals. 


15. See Appendix IV. 
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On the other hand, if the rotor is not moving exactly 
synchronously, the line-to-line voltages will not be 
purely fundamental, but, as is shown in Part II, they 
will contain slip frequency components. On this 
account, the direct determination of negative phase- 
sequence reactance by test is often inconvenient. 

However, it can be determined very easily by static 
test since the negative phase-sequence reactance of a 
machine is very nearly equal to the average of x2” and 
Banta ry 


apa a cone 
C2 = D 

Zero phase-sequence reactance. The application of 
fundamental zero phase-sequence current to a syn- 
chronous machine gives rise to pulsating third harmonic 
m. m. f. in the air-gap and end-windings, and to a slot 
flux the magnitude of which varies widely with the wind- 
ing pitch. Thus, with other than full-pitch coils, the slot 
flux is diminished by the presence in the slots of coil 
sides carrying current in opposite directions. Zero 
phase-sequence slot reactance is thus very sensitive to 
pitch, and because of the fact just previously mentioned, 
is a minimum at2/; pitch. The zero phase-sequence 
air-gap leakage also varies accordingly, and disappears 
at ?/; pitch, since in this case, there is no air-gap m. m. f. 
There is no armature reaction m.m.f. due to zero 
phase-sequence currents. Hence, zero phase-sequence 
reactance is very small, say from 15 to 60 per cent of the 
direct sub-transient reactance. The effect of the 
motion of the rotor is very small, and, consequently, 
there are no appreciable harmonic voltages. Per-wnit 
zero phase-sequence reactance is defined as the per-unit 
phase voltage with normal zero phase-sequence current 
applied. While its definition implies a condition under 
which the rotor is moving at normal speed, if the rotor is 
stationary, the difference in test result is unappreciable. 

DECREMENTS 

Symmetrical component of current. The decrement 
curve of the transient armature current of a machine 
on short-circuit will be composed, in general, of 
several simple decrement terms or exponentials. That 
is, the current will be expressible as a series, 

t t 
ee Gob en | a ere ee 

where a is the sustained component of current, and }, ¢, 
etc., are the transient components of current with time- 
constants T,, T., etc., respectively.. In practise all but 
one of these time-constants will be small, 7. e., less than 
about one-twentieth sec., while for dead short circuits, 
the remaining time-constants will vary in large machines 
from about 0.5 to 2.5 sec. 

Thus, a few cycles after the occurrence of a short 
circuit from an initial condition of no-load and voltage 
e, the armature current will be 


Pulse) 
a=W pyataae Pee o, € 
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where 1')’ 
machine. 
If the machine is operating at no-load and its field 
winding is short-circuited, the variation of armature 
voltage, shortly after the beginning of the transient, will 
follow a decrement having a time-constant 7", which is 
larger than the short-circuit time-constant T')’.. These 
time-constants are related by the simple expression 


is the short-circuit time-constant of the 


/ 


Xa 
Xa 


T= Dex 

As it happens that the open-circuit time-constant of 
most large machines is about 5 sec., the above rela- 
tion provides an easy means of determining 7)’ when the 
other three quantities are known. The time-constant 
T for a short circuit through an external reactance x is 
then given as 
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D-c. component. On dead short circuits, the time- 
constant of the d-c. component is 


Al 
Olena 


while if the machine is short-circuited through an 
external reactance, x, the time-constant is 
1 Lo +2 
Nati = f - seconds 
where r is the armature resistance as a per-unit quantity. 
The time-constant on a single-phase short circuit is 
calculated as for the equivalent three-phaseshort circuit. 
Range of magnitude of reactances and time-constants. 
The range of magnitude of the direct, negative, and 
zero phase-sequence reactances, and the open-circuit 
time-constants of various classes of synchronous ma- 
chines is shown in Table IIA following. 


Xo 
eee seconds 


La +2 5 hia 
ee Rea en The first figures in any group of three quantities 
d . . bare 
indicate the lower limit, the second figures are the average, 
TABLE IIA 
Xd xa’ Xt” x2 x* To (sec.) 
Synchronous motors 
18 Bled stacy 0121210 epee Ceehen ORCA Nei Gace P CRC 0.65-0.80-0.90 | 0.15—-0.25-0.35 | 0.10—0.18-0.25 | 0.11—0.19—-0.25 0.02-0.15 2-4 
HTOW=SDOCC Ries crete sre Gs 6 orche ePhaa aie auene 0.80-1.1 -1.5 0.40—0.50—-0.70 | 0.25-0.35-0.45 | 0.25-0.35-0.50 0.04-0.27 
Synchronous condensers ..............-. av. 1.60 0.40—-0.50 0.25—-0.30 0.25-0.32 0.04-0.10 5-7 
Waterwheel generators ..............-05 0.60-1.0 -1.25 | 0.20-0.35-0.45 | 0.15-0.22-0.35 | 0.25-0.45-0.60 0.02-0.21 3-6 
Turbo alternators . 
SOU POCORN miaws cick oh 'o Sacks es eee av. 1.15 0.15-0.25 0.08-0.15 0.08-0.13 0.01-0.08 4-7 
Ma minated eT OuOti. wes gtuk ores oes av. 1.15 0.15-0.25 0.08-0.15 0.10—-0.14 0.01—0.08 


*zy varies from about 15 per cent to 60 per cent of xg”, depending upon winding pitch. 


This also applies to the case of single-phase short cir- 
cuits. Thus, on single-phase short circuits, the positive 
phase-sequence component of current is to be calculated 
as the current that would exist when an equivalent!® 
three-phase short circuit is applied. 

In the case of short circuits under load, the time- 
constants of the rotor circuits in the quadrature axis 
are also involved. Except for solid rotor turbo alter- 
nators, these are all so fast, however, as not to merit 
attention from an operating standpoint. 

The case of turbo alternators is also complicated 
to some extent by the large amount of saturation which 
exists in the rotor leakage paths. The affect of satura- 
tion in such paths is not confined to turbo alternators 
only, but is encountered to some extent in short circuits 
of salient pole machines. Its effect does not, however, 
greatly modify the general conclusions stated. 


16. The equivalent reactance of a line-to-line short circuit 
is the negative phase-sequence reactance viewed from the point 
of a short circuit, while for line-to-neutral short circuits, it is the 
sum of the negative and zero phase-sequence reactances. The 
negative and zero phase-sequence currents can be found of course, 
by applying the conditions which hold at any instant,—that for 
line-to-line faults, the positive and negative components of 
current are equal in the fault; and that for line-to-neutral faults, 
all three components are equal in the fault. 


and the third figures, the upper limit. It is understood 
that they are not absolute values, but are represent- 
ative of most machines. Where only two quantities 
are mentioned, the lower and upper limits are meant. 
If only one term is given, it is the average reactance. 


ELECTRIFICATION IN GREAT BRITAIN 


Out of a total of 594 installations in Great Britain 
in 1925, only three had a production of over 200,000,000: 
kw-hr., with an average of 283,000,000. Only two 
central stations can be considered as superstations, 
and more than 300 stations have a yearly production of 
less than 5,000,000 kw-hr. With the exception of 
authorized enterprises and large industrial organiza- 
tions which produce electricity for their own use, 60 
per cent of the country may be considered as not having: 
the benefits of electrification, according to British 
statistics. During 1922 to 1925 the established electri- 
eal districts had a production of 5,754,000,000 kw-hr. 
(without counting the production of large industries). 
The per capita production of Great Britain is approxi- 
mately 140 kw-hr. Sectional plans have been com- 
pleted by the Electricity Commission of Great Britain 
for an extensive electrification plan to be carried out. 
in the near future.—Commerce Reports. 
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Excitation Systems 


Their Influence on Short Circuits and Maximum Power 
BY R. E. DOHERTY* ; : 


Member, A. I. E. E. 


Synopsis.—Since 1920, when the general subject of excitation 
systems was reviewed at the White Sulphur Springs Convention, 
two wmportant problems regarding these systems have arisen: 
One relates to the required excitation characteristics during system 
disturbances, and the other to the characteristics which are necessary 
in order to increase the maximum power above the steady state or 
static imit—. e., in order to operate the synchronous machines under 
the condition of dynamic stability. 

With respect to the former problem, the advantages and dis- 
advantages of quick response excitation are considered. Such 
excitation tends, of course, to hold up the voltage during system 
disturbances, and is thus advantageous. However, it also increases 
the short-cirewt current which circuit breakers must interrupt. 
The general trend in installing such systems is therefore in the 
direction of requiring larger circwit breakers. Such an excitation 
system 1s justified in many cases, and, indeed, it is essential in some. 
The extent to which the quickness of response and the maximum 
value of the excitation voltage are carried, is a question which, at 
present, should be settled by the conditions of the particular case. 

As to increasing power limits, results are given which are very 
promising with respect not only to long distance transmission, but 
also to power systems which have approached the power limit as 
determined by the condition of present normal operation. A new 
regulator, unique in its operating characteristic, has been developed 
which makes 1t possible to sustain stable operation under the condi- 


tion of dynamic stability, thus increasing the maximum power by 
taking advantage of a heretofore unexploited range of operation of 
synchronous machines. Comparative test results are given for 
different types of regulators. The new regulator alone showed 
extraordinary gain, giving an increase of maximum power from a 
steady state (steady-field excitation) value of 110 kw., to a maximum 
of 415 kw., on a system comprising a synchronous generator supply- 
ing power directly toa synchronous motor. This shows the extent of 
emprovement obtainable in the machines themselves. 

With an artificial 500-mile straightaway transmission line 
between the machines, a maximum power (received at the motor) 
equal to 90 per cent of the “infinite bus’’ value was obtained. The 
infinite bus value was 61 kw., 55 kw. was obtained, 44 kw. being 
the steady state power limit. 

The excitation system, as controlled by the new regulator, provides 


‘a component of excitation voltage which is at all instants equal to the 


tr drop in the field circuit during the necessary small oscillation 
under dynamic stability. The ir drop ts therefore compensated, 
the characteristic of the regulator being to introduce the effect of 
negative resistance. And with zero effective field resistance, the 
maximum power corresponds to the condition of constant flux 
linkages—the power under that condition is greatly increased above 
the constant field current value. This condition is approached by 


the new regulator. 
SUS ES EAS 


SUMMARY AND INTERPRETATION OF CONCLUSIONS 


\\ / HAT interpretation is to be placed on the fore- 
going discussion and facts? Should quick- 
response excitation systems be always used, 
and how “quick” should the response be? What 
element in the excitation system has made possible 
the large gains in maximum power reported in the 
paper? What is the significance of the gains regarding 
the future of power transmission? 

Two predominating facts in the field of power trans- 
mission have changed the aspect of this subject, and 
have introduced two corresponding problems in excita- 
tion systems. The growing demand: for increased 
reliability of service has required quicker response of 
excitation systems on the occasion of system dis- 
turbance, in order to reduce the voltage drop toa 
minimum. And the increase in the load per trans- 
mission circuit and in the specfic loading of synchro- 
nous machines has brought rather sharply to the fore 
the limit of maximum power, which formerly was en- 
countered only infrequently. 


*Consulting Engineer, General Electric Co., Schenectady, 
INDE: 

1. For all numerical references see Bibliography. 

Presented at the A. I. E. E. Regional Meeting, St. Louis, Mo., 
March 7-9, 1928. Complete copies upon request. 


Quick-response excitation is of distinct advantage in 
important power systems where the demand for in- 
creased reliability of service is pressing; and this, of 
course, includes many of them. The character of the 
excitation system—whether of moderately rapid voltage 
rate, or an extremely rapid rate together with a high 
“ceiling” voltage—is, to a large degree, a matter of 
economics. It is a question to be settled by the con- 
ditions of the particular case. 

But the question involves the very important aspect 
of increased short-circuit current. The use of quick 
response excitation means, in general, larger switches. 
The general trend in this direction should be duly 
considered in the choice of an excitation system. 

Radical increase in maximum power above the 
steady-state limit—+. e., above the value of maximum 
power which has heretofore been the practical limit— 
has been obtained in test. This involves a state of 
operation which is fundamentally different in character 
from that of the usual present day power system. This 
state of operation is termed dynamic stability, as 
distinguished from the condition of steady state, or 
static stability. 

The increase in maximum power has been made 
possible by a new and unique voltage regulator. The 
principle which distinguishes this regulator, designated 
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n the paper by “‘type A,” from all other existing types* 
is this: for a given change in a-c. voltage, the new average 
exciter voltage for the new condition is reached at a con- 
tinuous voltage rate equal to the actual total rate of the 
exciter. This is initiated promptly, and is true for all a-c. 
voltage changes, small as well as large. The effect of the 
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stant flux linkages in the alternating field circuit. In 
other words, it gives a component of variable excitation 
voltage which is at all moments equal to the 7 r drop, 
thus compensating for the resistance—and therefore 
for the armature reaction. (See Fig. 2.) This made it 
possible to obtain in test a maximum power of 415 kw. 


CONS WAS2-0 


405 Kw. Maximum Powrr OBTAINED with ADJUSTMENT OF REGULATOR To Give OptimuM VALUE OF EQUIVALENT 


NeEGATIVE RESISTANCE 


(B) 


VACCab ayy ay) 


CuMULATIVE OSCILLATION AND Breaxk-our at 370 Kw. Oxprainep with Reaunatror ApsustmMEent To GIVE TOO 


LarGE NEGATIVE RESISTANCE 


Fig. 2—Osci~tLtoGrams oF Maximum Power with A Typr A REGULATOR. 


Set-up SHown In Fia. 3. Srnapy State PowER 


Limit, 110 Kw. 


Curve A—True zero line displaced 50.5 mm. abvuve reference line Bo. T S field current 1 mm 
= 3.09 volts as measured from zero line Ao 
= 20:1. 


Curve B—Exciter armature voltage 1 mm. 


Curve C—A. OC. line voltage 1 mm. = 4.87 volts. P. T. Ratio 


type A, or of type B which operates on the same princi- 
ple, is to provide an equivalent negative resistance, 
thus giving a maximum power corresponding to con- 


*There are four principal voltage regulators with which 
comprehensive maximum power tests were made, including tests 
at different exciter voltage rates. Others were tested, but not so 
comprehensively. The four types are: 

A. Original model of the regulator embodying the new 
principle. This will be referred to as type A. 

B. New commercial form embodying, in the main, the 
characteristic features of the original model. This will be 
referred to as type B. 

C. Older commercial form with d-e. coil, which will be 
designated as type C. 

D. The usual commercial form without d-e. coil, which will 
be designated as type D. 


= 0.3 amperes (displaced axis Bo = 15.15 amperes) 


on a system, Fig. 3, for which the steady-state limit 
was 110 kw. See Figs.2and 4. This isa much greater 
maximum power than obtained with any other 
regulator. 


The effect of the type D regulator is equivalent to 
shunting the resistance of the field circuit with an 
inductance, thus introducing a phase displacement 
between the alternator field current and the excitation 
voltage. This is shown in Fig. 8. The maximum 
power is therefore less, being 190 kw., as compared with 
415 kw., since the resistance cannot be completely 
compensated without introducing the effect of induc- 
tance. (See Fig. 7). 

For relatively large changes in a-c. voltage—say of 
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the order of 10 per cent above, or 10 per cent below— 
the rate of the effective d-c. voltage approaches the 
total exciter rate with contacts closed; and for still 
large changes in a-c. voltage, as in the case of a short 
circuit, the contacts close and stay closed, thus giving 
the full exciter rate. This type is thus appropriate for 
a normal regulator below the steady-state limit, or in 
the case of short circuits; but it is not so suitable for 
quickly regulating for small voltage changes, as re- 
quired under dynamic stability. 

The type C regulator also delays action, on account 
of the dashpot, until large angular oscillations are set 
up; and its consequent effect is equivalent so inserting 
an inductance shunt around the resistance, as in the 
case of type D. Hence the maximum power is also 
lower and the hunting is more severe than in the case 
of types A and B. 

All other commercial types, such as the ‘face plate 
regulator” and its derivatives, and the commutator 
type, are still more sluggish for small voltage changes. 


To Regulator 


D.C. Generator 


Syn. 
Motor. 


D.C. Motor 


Alternator 
Water- 
box 
Load 


No Line 


‘ Exciter 


Regulator Contact 


250 V. 
Shop 


Fic. 3—Test Ser-ue Wiruout TRANSMISSION LINE 


Machine Ratings 

Alternator and motor TS-6-435-1200-4000 /2300 volts 

D-c. motor and generator MPC-6-300-1200-250/275 volts 

Exciter MP-4-17-700-250 volt 68 amperes 

Synchronous reactance (without saturation) of generator = 46 ohms 
W R? of rotor (total) = 2880 lb-ft.” 


Some of these types are efficacious for quickly changing 
excitation on the occasion of short circuits, but they are 
not appropriate for sustained operation under dynamic 
stability. Thus, the difference between the] jlarge 
increases in maximum power which have been obtained 
by using the new regulator, type A, as reported in the 
paper, and the increases obtained by other regulators 
and by hand control, is explained by the fact that the 
new regulator functions according to an entirely 
different and novel characteristic, which was chosen 
with respect to the particular requirements of this 
problem. 

Quick-response exciters are not essential to operation 
under dynamic stability. An increase of 100 per cent 
in power above the steady-state limit was obtained with 
the type A regulator controlling an exciter voltage rate 
of 24 volts sec. on a 250 volt exciter; and an increase of 
275 per cent, with a rate of 142 volts/sec. No further 
increase was obtained when the exciter voltage rate was 
further increased, even to 2300 volts/seec. Thus quick- 
response excitation gave no more maximum power than 
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the low rates of ordinary exciters. But it gave as much 
—t. e., it did not impair the results, until the high rate 
of 3000 volts/sec. was reached. (Where an extremely 
high exciter voltage rate is used in connection with 
short circuits, this rate is applied only on the occasion 
of a short circuit. Normally it is not in the circuit.) 
Then instability occurred. It is thus concluded that 
quick-response excitation was not essential to the maxi- 
mum gain in power limit obtained in the tests, because 
the gain was made without the use of such excitation. 


500 4 \ 


400 + 


KILOWATTS 


0 7 == + 
0 100 200 300 
VOLTS PER SECOND 
Fig. 4—Maximum Power as A FUNCTION OF THE EXCITER 


Vourace Bouitp-ur Rats, ror tHE Test Set-up or Fia. 3, 
Usine Tyee A REGULATOR 


400 500 


wer 


But this does not mean that such an excitation 
system may not be desirable in a system normally 
operated under dynamic stability. It surely would be 
desirable, but for another reason—namely, to reduce 


KILOWATTS 
co} 


100s "i 


ype 


500 


Too 200 300 400 
VOLTS PER SECOND 
Fic. 7—Tue Souip Curvis ARE THE SAME AS THOSE SHOWN IN 

Fie. 6 


The shading is intended to indicate the intensity and range of hunting. 
Thus heavy shading indicates serious hunting, and no shading indicates 
practically stable operation. The dotted line, with time as abscissa, 
indicates the general character of the oscillation corresponding to imminent 
break-out 


the voltage drop during system disturbances, which is 
also the reason it is used on present systems normally 
operating below the steady-state limit. 

It should be added that the type A and type B 
regulators possess the required characteristics for con- 
trolling excitation both under dynamic stability and 


Soe 


under the condition of system disturbances such as 
short circuits. That is, they possess characteristics 
suitable for general application. 

The most important aspect of the results is the 
possible influence on the future of power transmission. 
There are two phases of this which should be considered. 
One relates to the possible increase in the output of the 
synchronous machines for large central stations, or in 
special cases of industrial plants where momentary 
demands of power are greater than could be carried 
under steady-state operation, the other, to long distance 
transmission. 

With respect to increasing the output of synchronous 
machines, the foremost limitations in design formerly 
were heating and voltage regulation. The latter was 
practically removed by the advent of the automatic 
voltage regulator, and the former has been progressively 
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Fic. 8—Oscittocram or Maximum Power TESst wItH 
Set-up SHown In Fria. 3. 
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very promising. With the new regulator, a maximum 
power equal to 90 per cent of the infinite bus value was 
obtained over an artificial 500 mi. straightaway line. 
The economic limitations in the power projects involv- 
ing long transmission distances have been widely 
discussed in the literature. The situation has been 
faced that the maximum power which could be trans- 
mitted over very long distances was not sufficient to 
justify the necessary investment. The results of the 
present investigation are promising with respect to the 
possibility of removing some of those limitations and 
thus placing such projects on a much more attractive 
basis. Future developments will show whether such 
hopes are justified. 

There is another factor which appears to be favorable 
in considering the application of the regulator on large 
machines. In such machines the mechanical inertia is 


A Tyepz D Reautator Apsustep FoR Optimum COonDITIONS. 
Stpapy Strate Power Limit, 110 Kw. 


190 Kw. Maximum Power OBTAINED 


Curve A—Exciter armature voltage 1mm. =: 3.43 volts (as measured from zero line Ao 


Curve B—A-c. line voltage 1 mm. = 5 volts. P. T. Ratio = 20:1 


Curve C—T S field current 1 mm. = 0.135 amperes (true zero line displaced 0.09 mm. above reference line Co) 


raised, principally by improvements in ventilation, and 
by the reduction of energy losses—~. e., sources of heat. 
Consequently, the rated output has gradually ap- 
proached, and has finally reached the immediate 
range of maximum power. Thus a new limitation is 
encountered. Although one can not draw general 
conclusions from factory tests, yet from both the test 
results and theoretical considerations, there appears to 
be no reason at this time why the limitation of maxi- 
mum power could not be set much higher by the proper 
use of the new regulator, thus making possible a 
continued progress in higher specific loading of syn- 
chronous machines. The prospects are still more 
hopeful for satisfactory application in those special 
cases where considerable momentary overload is 
required from time to time. And even if normal opera- 
tion were to be below the steady-state limit, less safety 
margin would be required, since the system would be 
capable of operating above the steady-state limit. 
That is, a new margin may thus be created by the 
regulator. 


As to long distance transmission, the results appear 


relatively greater, and the electrical transients in- 
herently longer than in the small machines used in this 
investigation. Thus, it would appear that the regula- 
tor would operate under still more favorable conditions 
when controlling the larger machines. 
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The Vibration of Transmission-Line Conductors 
BY THEODORE VARNEY: 


Associate, A. I. E. E. 


Synopsis.—This paper is a continuation of a former one presented 
by the writer, in May, 1926. 

Records are given of vibration in actual transmission lines under 
widely varying conditions and with various conductor materials. 
These observations indicate the limiting values of wavelength fre- 
quency and amplitude of such vibrations encountered in service. 

Laboratory experiments are described in which the observed con- 
ditions were artificially reproduced in a large conductor. The 
stresses adjacent to a point of support were studied with the aid of a 
microscope. The wave shape was plotted and the energy required to 
maintain vibration was recorded. 


N the previous paper, the writer discussed the action 
of the wind on a suspended conductor and gave 
rules for determining the wavelength and frequency 

of the resulting vibrations. 

Since the date of that paper, records have been kept 
of the wind action upon a large number of transmission 
lines equipped with different kinds of conductors and 
installed under various conditions. 

Experimental apparatus was next installed at the 


Fig. 1—Frame For Testing VIBRATION OF CONDUCTOR 


Carnegie Institute of Technology at Pittsburgh by 
means of which certain of the data observed in the field 
could be reproduced in a particular conductor of large 
size. 


1. Aluminum Company of America, Pittsburgh, Pa. 
Presented at the Regional Meeting of the A. I. E. E., St. Lows, 
Mo., March 7-9, 1928. Complete copies upon request. 
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All conductor vibration breaks observed in practise have occurred 
at supports or badly made joints. The conclusion is reached that if 
the radius of curvature at the support can be maintained at least 
equal to that at the center of a loop, no breakage will occur. 

Mathematical expressions are given for determinining the radius of 
curvature at the center of a loop, the bending moment at a support, 
and the necessary additional amount of conductor stiffness at the 
support to satisfy the desired condition. 

There is described a simple form of stiffening device which even 
in a more crude form has been found effective in several cases of 
actual service. 


This apparatus consisted of a heavy wooden frame 
provided with grooved pulleys at each end. Tension 
was maintained by turnbuckles and a dynamometer 
installed in the lower side of the conductor loop. 

Vibrations were produced and maintained by a 
small motor operated from a storage battery, a counter 
shaft carrying a flywheel, a tachometer, and a crank 
disk, engaging with a light wooden connecting rod and 
guided plunger. This plunger was connected with the 
conductor by means of a small spiral tension spring. 
By varying the speed, one, two, three and four loops 
could be obtained. 

In order to obtain definite conditions at the point of 
support, a heavy cast-iron block was bolted to the 
framework near one of the pulleys. This block held a 
split steel bushing bored out to fit the conductor 
accurately and tightly. 

A high-power microscope was bolted to this block so 
that no relative motion existed between them. The 
microscope was then focused on the top of the conductor 
next to the end of the bushing. By means of an eye- 
piece micrometer, the maximum longitudinal motion of 
a point on the top strand of the conductor was observed. 

The path of the observed point diminished longi- 
tudinally as the microscope was rotated from the top 
toward the side of the conductor, becoming more and 
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more oblique and approaching a right angle with the 
longitudinal axis of the conductor on the horizontal 
transverse diameter. No effect of longitudinal vibra- 
tory impact could be discerned and the effects noted 
above are undoubtedly due to simple transverse bending 
in the vertical plane. The transverse motions of the 
conductor were carefully noted and plotted. The re- 
sulting curves are sine waves for all loops not adjacent 
to a support. The supports distort the wave, producing 
a bending action adjacent to it and a point of inflexion 
in the first half of the loop. 

In all of the cases recorded, no breakage of strands 
has occurred except adjacent to a support or at a joint 


GFaowecto Svervrr. 


| l 
| ee INSULATOR STR. 


Sosrensior CLAne 


SZ ma A LS 
a er oe ae roeeanes: 


7m-ececo. is 


NO-vovAL Darnree Roo. 


| | 
STR ALCAr 


E TAPE z EO 


OS7A OF Seamene Soccuc. 


imine, 


which had been either poorly designed or applied. 
It is a logical conclusion that if means can be found to 
prevent any sharper bending of the conductor at a 
support or at a joint than occurs at the middle point of 
a loop, breakage due to vibration will be prevented. 

Considerable thought and ingenuity have been 
expended upon the design of suspension clamps, but so 
far as the writer is aware, no logical method has pre- 
viously been developed to determine the proper shape 
of the conductor seat. The support cannot be regarded 
as a simple node and it is difficult to provide effective 
means for permitting the wave to pass through the 
suspension clamp without bending the conductor. 
The reason for this is that it is impossible always to 
have a wave impulse leaving on one side of a support at 
the instant it is arriving on the other. This is evidenced 
by recorded cases of broken strands while the conductor 
rested on a sheave. 

If the suspension clamp could be designed with a 
radius as large as that at the loop center, it would be 
effective, but it is difficult to do this within available 
limits of design. The angle of the conductor with the 
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horizontal in a span of the greatest practicable length 
and sag at present in use, or contemplated, is about 23 
deg. The summer to winter variation would be on 
the order of 2 or 8 deg., while the vibration angle is 
less than 4 deg. The correcting means must therefore 
be applied to the moving conductor. 

A simple and practical method is to apply to the con- 
ductor a layer of cylindrical rods at the support. 
Preferably each rod tapers at each end, thereby ena- 
bling it to be twisted around the conductor and held at 
theends. This gives maximum resistance to bending at 
the support and a tapering mass on each side to prevent 
sudden reflection of waves at its ends. This arrange- 
ment is illustrated in Fig. 2. 

The above conclusions are based upon the observa- 
tions and experiments described and also upon the 
following theory. Referring to Figs. 3 and 4, the letters 
have the following meanings: © 
= Loop length = half wavelength 
Amplitude of complete vibration 
Radius of curvature at middle point of loop 
= Angle with axis at node point of freely vibrating 
loop 
= Total tension in conductor in lb. (conductor not 

vibrating) 

= Arc length of loop 

Moment producing bending at support 

= Moment of inertia of complete cable and damper 
at support 

Moment of inertia of steel core of conductor 

Moment of inertia of aluminum part of 
conductor 

= Moment of inertia of damper at support 

= Virtual modulus of elasticity of complete con- 

ductor and damper 

= Modulus of elasticity of steel 

2 = Modulus of elasticity of aluminum 

a = Modulus of elasticity of damper material 


SO eu 
I 


Aw Aan ne 
y=5 sin 6 = —5~ sin —— (1) 
Tisiihs aaa 
tan Q = OL at origin when x = 0 (2) 
Ms 
0) 
av=[1+( - dx (3) 


This expression can be integrated approximately as 
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follows :— 


1 3 5 
[= L(1 a q tan’ Q— g, tant Q + 3eg tan'@) (4) 


dy \27 3/2 
Gere 
i dy 
Gee 


Gere ) (—) when » ss =p 


When the loop is vibrating freely in the span away 
from a support, no bending occurs at O and the angle 


(5) 


Q is produced by the balanced motion of the adjoining 
loops. If a support occurs at O, the angle Q becomes 
zero at the left of O. The conductor at the right of 
O is bent into a curve, alternately concave upward and 
downward. 

Although the angle Q is small, the bending produces 
very considerable fiber stresses which added to the 
direct tension in the cable has produced breakage. 

In Fig. 4, a circle of radius R is drawn tangent to the 
axis of X at the origin O. Ata point B, a tangent is 
drawn to this circle parallel to OC. This tangent 
makes an angle Q with the axis of X. The are OB 
subtends an angle at the center equal to Q and the angle 


BO E equals -. 
The arc length O B is obtained as follows: 


Q 
Arc OB = 360 oa kh 


Chord OB = are O B, very nearly, since Q is small. 


i Open (6) 


2 
Since Q is small, X may be taken equal to O B and 
substituting this value of X in equation (1): 


Cae A oak 
Sinan 
L 


a 


Users (7) 


When the loop is freely vibrating, the tension in the 
wire produces no bending at O. When bending occurs 
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at O, the resultant of the tension in the cable does not 
pass through O, and the bending moment is the product 
of the tension and the offset of the bend. 

Under the conditions indicated in the figure, the bend- 
ing moment at O is represented as follows: 


K =P.BC =P (Y" — Y’),—-very nearly. (8) 
In order to satisfy these conditions, the following 
relation must obtain: 
IM = hk (9) 
In order to satisfy this condition, J must usually be 
greater than the value corresponding to the wire itself. 
This value may be obtained by a reinforcing wrapping 
or damper, the proportions of which may be determined 
from the following expression. 
RK=IM=I1,M,+1,M,4+ 141M, (10) 
It is apparent from equation (8)that by assuming a 
series of values of R, and determining the corresponding 
values of K, the proper value of R’ is obtained when the 
resistance to bending of the conductor, without damper, 
equals the bending moment thus produced. To illus- 
trate this balanced condition, equation (10) may be 
written as follows: 
RUK’ =1,M,+ 12M, (11) 
In the final analysis, the quantities to be determined 
are the fiber stresses, due to bending at the middle of 
the loop and immediately to the right of O. 
If the strands are not restrained by friction, the 
fiber stress in each strand is due only to bending about 
its own neutral axis. Thus: 


Jma = Max. Fiber Stress = M (12) 


all 
2k 
If the friction between the strands were increased by 
any means so that all relative slipping ceased, then the 


maximum fiber stress would be expressed as follows: 


D 
aR (13) 

The true value of the fiber stress is somewhere be- 
tween these extremes and is close to that given by 
equation (12). 

Referring to equation (11) the values of J, and I, will 


Ja = Max. Fiber Stress = M, 
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TABLE I 
Conductor—266,800 cir. mils A.C. 8S. R. Diameter 0.633 in. 
Wt. per Ft. 0.343 Ib. 
6 X 0.2108 in. Alum. E. 0.2362 (Ia Mq +I1s Ms)d = 5480 
Stranding :— Ha 0.885 (Ig My + Is Ms)p = 49160 

7 X 0.0705 in. Steel Hs 0.115 (laMq +13 Ms + Ila Ma)a = 162,900—With 7 X 0.475 in. Alum. Damper 

Span | Temp. P eB A F R JImd Ra’ Teh Ro’ sy Ra’ Ja” NGI 
(1/32 (Ib./ (Ib./ (lb./ (Ib./ (Ib./ 

(ft.) (fah., ) (b.) (ft.) in.) (Cee Spi bang: (ft.) sq. in.) (ft.) sq. in.) (ft.) sq. in.) (ft.) sq. in.) | sq. in.) 
1020 54 2260 4.0 4, 30.0 0.004090 311 254 46 1725 139 1710 288 274 619 
1020 58 1825. 9.5 4. 22.3 0.001723 1754 45 122 650 361 658 658 120 271 
1020 70 1710 12.0 6. IW 0.002045 1867 42 103 768 315 754 572 138 312 
1020 70 1710 14.0 10. 12.2 0.002921 1525 52 70 1130 212 1120 413 192 441 
1020 70 1710 4.0 2. .0 0.002045 622 127 106 747 327 (21 766 103 233 
920 i8 2370 20.0 6. 13.6 0.001228 5183 15 146 542 442 548 800 99 223 
920 28 2270 8.8 4. 26.0 0.00i859 1507 52 103 772 296 802 550 144 324 
920 Sve 2135 10.0 iG 22.0 0.002454 1296 61 78 1015 231 1028 433 182 412 
920 42 2005 4.2 Ls 52.0 0.000974 1372 58 195 405 629 377 1283 62 139 
920 48 1850 6.0 5. 35.0 0.003410 560 141 58 1355 179 1325 334 237 535 
920 59 1840 ti) 3. 28.0 0.001444 1873 42 145 547 425 559 UaERS) 102 230 
1020 —2 2720 0 4. 30.0 0.004090 311 254 41 1935 128 1850 250 316 714 
1020 —20 2720 14 10. 12:2 0.002921 1525 52 56 1416 173 1370 313 253 570 


depend upon whether the neutral axis is taken at the 
center of the conductor or at the center of each strand. 
Similarly, the value of R’ will depend upon this same 
condition. The rather interesting fact develops that 
the fiber stress in the undamped conductor at the 
support is practically the same no matter which of these 
assumptions is made. See Table I. 


The column headed J,’ represents the fiber stress 
in the conductor at a support with neutral axis at 
center of each strand. J,’ is the corresponding value 
with axis at center of conductor. Throughout this 
list these values are practically equal. 


Table I further illustrates the effect of a damper 
cage consisting of seven aluminum rods each 0.475- 
in. diameter. In this case the radius of curvature is 
represented by R.”, the fiber stress in the aluminum 
part of the conductor is given by J,” and the stress in 
the damper rods by J’”. 


In Table I the last two cases are hypothetical as 
regards loop length and amplitude for — 20 deg. fahr. 
All the others are observed. 

The effect of the damper is not only to increase the 
radius of the bend at the support but also to reduce the 
amplitude, frequency, and loop length which still 
further reduces the fiber stress due to bending. 


In conclusion, the fact remains that in none of the 
cases recorded does the total normal tension stress 
plus the bending stress in the aluminum part of the 
conductor reach the endurance limit values which have 
as yet been established by the usual laboratory methods. 
The inference is that the bending action at the support 
creates an unequal distribution of the stresses between 
the several strands alternately overloading some of 
them and relieving others. If this bending can be 
sufficiently restricted, the damaging results must 
disappear. 


Dampers similar to the type described herein have 


been in operation in certain cases for about three years, 
without breakage of conductor strands, whereas 
before the application of the dampers, breakages had 
occurred within from two to three months after 
installation. 


The problem has been approached in a different 
manner by G. H. Stockbridge, Engineer of Trans- 
mission, Southern California Edison Co. He has 
successfully suppressed vibrations by means of an 
ingenious device located in the span some distance from 
the support. 

The writer is indebted for valuable assistance to 
Prof. William R. Work, and Mr. F. E. J. Litot, Carnegie 
Institute of Technology. Also to Messrs. L. W. Henry, 
M. E. Noyes, H. H. Rodee, L. H. Hemeter, L. D. 
Hutcheson, R. L. Templin, and G. W. Stickley, Alumi- 
num Company of America. 


RADIO EQUALIZATION PLAN STARTED 


Under the equalization clause of the Radio Act 
which recently became a law, the Federal Radio Com- 
mission is attempting to develop a suitable plan. 


An informal conference of radio engineers was held 
in the Department of Commerce on April 6, as a 
preliminary step in the development of this plan. A 
tentative draft of alternative plans was prepared 
by the Commission and submitted as the basis for 
discussion. 


An aggregate of 340 full-time assignments for the 
hours of darkness was proposed as an alternative, 
with increase in number of stations made possible 
during the daytime and during the night time, with 
time divisions. 


It is contemplated by engineers in a position to 


judge that a great deal of difficulty will be experienced 
under the new equalization provision. 


Superexcitation on Synchronous Condensers 


For Conowingo System 
BY D. M. JONES" 


Associate, A, I. E. E. 


Synopsis.—This paper outlines superexcitation as it will 
be applied to the synchronous condensers purchased for Plymouth 
Meeting, the receiver substation of the 220-kv. Conowingo trans- 


mission lines. In it are discussed the design limits of the exci- 
tation equipment as chosen and the emergency condenser output 
expected from it, are evaluated. 


SYNCHRONOUS CONDENSERS AS STABILIZERS 


N planning the delivery of the electrical output of 
the new Conowingo hydro plant on the Susquehanna 
River to the system of the Philadelphia Electric 

Company, the proposal was made that a certain 
nominal capacity of synchronous condensers be located 
at Plymouth Meeting Substation, the receiver end of the 
Conowingo 220-ky. transmission lines. The expressed 
basic intent of this proposed installation was not 
voltage regulation, but an increase in the power 
transporting capacity of the transmission lines during 
system disturbances. 

The consummation of this intent required that these 
condensers, although operating normally at reduced 
output, should render the maximum practicable stabiliz- 
ing action during system short circuits. 


This stabilizing action of a synchronous condenser 
is based on its flywheel effect and its kv-a. output 
during such a disturbance. If the condenser is adjacent 
to the generating area, its W R? is in effect added to that 
of the generators and reduces the angular advance of 
their rotors directly following the short circuit. If it 
is adjacent to the load, the condenser will add its fly- 
wheel effect to that of the load and thus minimize the 
angular retardation of the rotor of the equivalent syn- 
chronous load. In both instances the action helps to 
keep generator and load together, and thus tends to 
raise the stability limits. 


The kv-a. output of a synchronous condenser during a 
disturbance helps to hold up the system voltage and 
thereby increase the power carrying capacity of the 
network. This emergency kv-a. output in a given 
condenser varies with the reciprocal of the transient 
reactance and directly with the excitation applied to it. 


W R?. and emergency kv-a. output, in so far as 
regards transient reactance, depend for their magni- 
tude, on the. major design constants of the con- 
denser, and tend, in general, tofollowalong together with 
variations in these factors. These considerations 
suggested the possibility of raising a condenser’s 
stabilizing capacity by special design. An analysis 
of this possibility, however, with reference to a condenser 


1. Central Station Engineering Dept., General Electric Co., 
Schenectady, N. Y. 

Presented at Regional Meeting of the A. I. E. E., District No. 2, 
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of given rating showed that when losses were kept 
within an economic minimum, the readjustment of the 
design factors to give an enlarged W R? and ky-a. 
output under the emergency conditions resulted in 
producing a normal synchronous condenser of in- 
creased rating. It was evident, therefore, that the 
most economic method of obtaining a given W R? and 
inherent kv-a. output from a synchronous condenser 
would be to select a standard machine of sufficient 
capacity to meet the requirements. 

A study of the emergency output of a condenser by 
the use of additional excitation, however, showed such 
possibilities at nominal cost increases that it was 
decided to use this method to the practicable limit. 

Critical Period in System Stability. From general 
consideration of stability, it was felt that what 
happened during the first swinging apart of the ma- 
chines on thesystem following a short circuit determined, 
in most cases, whether or not the system held together. 
As this swing would occur in about one-half a second, it 
was felt that the condensers should be arranged to 
attain their maximum output within this period. 


Maximum Output of Synchronous Condenser. It was 
recognized throughout that the general limits set for the 
equipment would have to be a reasonable compromise 
between maximum condenser outputs and practical 
economic considerations. In this spirit, the fact that a 
normal exciter would safely commutate, as a maximum, 
about double full-load current, and that this degree of 
excitation was beginning to produce saturation in the 
condenser, was permitted to establish the emergency 
output of thesemachines. Thus, theirmaximum output 
was placed as that obtainable with double-rate field 
current, which of course was a long way inside their 
short-time heating limit. 

Exciter Ceiling Voltage. A check on the design 
limitations of the main exciter showed that approxi- 
mately 1000 volts was a reasonable commutation 
limit if costs were not unduly raised, and approximately 
1000 volts thus became the maximum, or “‘ceiling,’’ volt- 
age of the exciter. 

Time to Attain Exciter Ceiling Voltage. As the effect 
of condenser output on stability during disturbances 
was practically a matter of integrated, or average, kv-a. 
output during the period, it was evident that it was 
desirable to obtain the maximum area under the time- 
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output curve for given maximum value. It was 
therefore decided to try to attain the exciter ceiling 
voltage in approximately one-eighth of asecond. This 
led to the use of low-resistance main exciter field 
windings, supplemented by a permanent block of 
series resistance, to definitely limit the exciter to 1000 
volts, as this was less than the saturation limit. 

Separate Excitation and Sub-Exciters. Separate exci- 
tation at approximately 250 volts for the fields of the 
main exciter was decided upon for the following 
reasons: 

Its use in connection with the main exciter field 
connections met the established excitation requirements. 

It would result in an excitation equipment readily 
controllable by hand when occasion required. 

This arrangement would impose on!y nominal voltage 
on the regulator equipment. Finally, a main field 
voltage of 250 was a convenience in the design of the 
sub-exciter from the standpoint of commutation 
requirements. 


Properly, it should be added that in the matter of 
simply attaining a given maximum voltage in a mini- 
mum time, a self-excited exciter would give very good 
results when the maximum voltage, as in this case, is 
considerably above the value of the separate excitation. 
This would be true even though the self-excited type 
were handicapped by starting from comparatively low 
excitation values. 

Type of Exciter Connection. In designing an exciter 
to attain its ceiling voltage quickly following a short 
circuit, an unshunted series winding proved particu- 
larly helpful, as it tended to overcome the excessive 
exciter armature resistance drop and demagnetizing 


reaction incident to the induced rush of main field ~ 


current in the synchronous condenser following the 
disturbance. 


This connection was also included on the sub- 
exciter for its helpfulness, both during transient excita- 
tion conditions and during normal variations of excita- 
tion load. 

Type of Exciter. The direct-connected exciter is so 
enviably simple, both electrically and mechanically, 
that it was evidently desirable to use this type if the 
reduced rotational speed as compared with a motor- 
generator set would not offer too serious a handicap in 
the time required for the exciter voltage to reach its 
ceiling. This was especially true in the light of the 
fact that both main and sub-exciter could be mounted 
overhung, one on each end of the main shaft of the 
synchronous condenser. 

A specific check on these exciters, direct-connected at 
600 rev. per min., and separately driven at 1200 rev. 
per min., showed but a four per cent handicap in rate 
of rise against the machine with the lower rotation 
speed, and direct-connected exciters were therefore 
chosen. 


This contradiction of the often expressed direct 
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relation between rev. per min. and rate of voltage rise 
in an exciter warrants the explanation that although 
this relation does hold approximately on small units, 
it does not on large ones. 

Reference to Fig. 1, will show more clearly the general 
relationship between these factors and especially the 


kw. 


—__—_——_., which is pro- 
rev. per min. 


fact that when exciter 
portional to volume, exceeds approximately four-tenths, 
the time constant becomes practically a fixed quantity 
on machines of normal design. 

In applying the test to the main exciter in this 
equipment, it will be necessary to use a rating corre- 
sponding to its physical size instead of the nominal 
rating subsequently given. 

Since this main exciter has an armature and com- 
mutator construction corresponding to that of a 750- 
volt machine, its physical rating at that voltage is 


2 QO. O: 


0:20:35." 014 0'5) 0.6) 07 
KW. 
R.P.M. 


Fig. 1—Curve InpicaTiInc THE RELATION BETWEEN THE 
Time CONSTANT AND THE SPEED AND RatTInG oF EXCcITEeRS 


495 kw. On this basis, the ratio of kw. to rev. per min. 
is approximately eight-tenths, which places this ma- 
chine well on the flat section of the curve in Fig. 1,” thus 
agreeing with the specific check on the exciter build-up 
rates above mentioned. 


CONTROL EQUIPMENT 


Acceptable control of excitation becomes more and 
more difficult as exciter voltage ceilings and rates of 
voltage rise become higher. In this case of super- 
excitation, therefore, the regulating problem is not 
negligible. 

The control scheme consists of a vibrating voltage 
regulator with its relay contacts controlling the main . 
exciter field, and a resistance in series with the field 
of sufficient magnitude to give satisfactory regulator 
operation at the minimum excitation required on the 
synchronous condensers. 


2. This curve is taken from paper Transmission System 
Power Limits, by Nickle & Lawton, Trans. A. I. E. E., Vol. 
XLYV., 1926, p. 1. é 
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This series resistance is shunted totally by a master 
contactor and also progressively shunted in part by 
secondary contactors. These secondary contactors at 
the maximum are capable of reducing the excitation 
voltage to a value which will just sustain double normal 
field in the synchronous condensers. 

In general, the vibrating regulator is of standard 
design. It is equipped with a three-phase torque motor 
instead of a single a-c. coil in order to provide proper 
response under all short-circuit conditions; and also 
with the recent improvements which materially raise 
the dynamic stability limits of synchronous machines 
under their control. In addition to these normal 
refinements, however, it does include a special de- 
pressed contact in conjunction with the normal pair of 
main floating contacts, so adjusted that it will close on 
voltage reductions incident to system short circuits. 
This contact closes the master contactor and thus 


Required relation between rate of excitation rise and 
excitation ceiling voltage in order that load of synchronous 
condenser rated ; AT1-12-30000 M-600$- 13800 Volt, when 
connected to an infinite bus, may rise from 10000 I¢ading 
kv-a.to 55000 Ieading kv-a. in approx. /2 second.(0.05 sec. 
allowed for regulator to operate.) 
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shunts out all the control resistance in exciter main field 
circuit. This raises the excitation voltage to its 
maximum, but it is subsequently reduced to a 
value equivalent to double field amperes by a current 
relay in the synchronous condenser field, which opens 
the master contactor and inserts in the exciter field, 
circuit the resistance unshunted by the sectional 
contactors. Subsequent operation is directly under 
the control of the voltage regulator, supplemented, 
however, by current relays in the main exciter field, 
which control the sectional contactors so as to supply 
to the exciter field a voltage acceptable to the regulator 
under all conditions. 


RESULTING RATINGS OF PROPOSED EQUIPMENT 


Eventually, the original proposal was translated into 
an order for definite equipment as listed below: 
Three 30,000-kv-a. standard synchronous condens- 
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ers, 18,800 volts, 600 rev. per min., 250 volts field, each 
equipped with: 

A direct-connected main exciter, compound wound, 
with a nominal rating of 165 kw. at 250 volts, capable 
of commutating double full-load amperes at 1000 volts. 

A direct-connected sub-exciter, compound wound, 
with a continuous rating of 40 kw., at 250 volts. 

The maximum commutation requirement on the sub- 
exciter is the load resulting when its rated voltage is 
applied to main exciter field circuit under minimum 
resistance connection. 

With this equipment as outlined, and terminal 
voltage held constant, it is expected that operating at 
10,000-kv-a. output and normal voltage, a closing of 
the depressed regulator contact will raise the output to 
55,000 kv-a. in approximately one-half second. These 
expectations are based on a performance in the excita- 
tion equipment, as outlined, and on a response in the 
synchronous condensers so computed as to include such 
factors, as will affect these machines. 


RELATION OF EXCITATION CEILING VOLTAGE AND TIME 
OF ITS RISE TO SYNCHRONOUS MACHINE OUTPUT 


The interrelation of excitation ceiling voltage and the 
time required to acquire it in obtaining the expressed 
synchronous condenser output in approximately one- 
half second, is of interest. 

Fig. 2 brings out the basic fact that pushing the ceiling 
voltage to an excessive value or time of rise to a mini- 
mum does not give corresponding improvement in the 
synchronous machine output. Thus, these factors 
should be utilized in magnitudes corresponding to 
commensurate or mid-curve values. 

These values, however, are relative depending upon 
the requirements placed on the synchronous machine 
output. The greater the output increase desired in a 
given time, the greater will be the advisable ceiling 
voltages and the shorter will be the applicable time of 
rise. 

For example, while an ordinary requirement for 
increases in output may limit the justifiable rate of 
exciter voltage rise to 400 or 600 volts per sec., anda 
correspondingly moderate exciter ceiling voltage, this 
case of super-output on a condenser makes it advisable 
to use superexcitation. 

Reference to Fig. 3, giving the several values of output 
kv-a. plotted against time, produced by different com- 
binations of an exciter ceiling voltage and an average 
rate of exciter voltage rise required to produce the 
fixed synchronous condenser output desired, shows a 
relatively narrow range of acceptable exciter build up 
rates. 


Inspection of curves Nos. 2 to 5, Fig. 3, shows a 
constantly diminishing return in total kv-a. output, 
which confirms the decision to limit the rate of rise to 
the 6500 volts per sec. represented by the No. 2 curve. 

Curve No. 5, Fig. 3, demonstrates that ordinary 
rates of exciter voltage rise are not applicable at all in 
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the accomplishment of the specified requirement, for, 
if the exciter build up is less than 3200 volts per sec., 
the desired condenser output cannot be obtained even 
with infinite maximum excitation. 


COMPARATIVE OUTPUT OF SYNCHRONOUS CONDENSERS 
WITH DIFFERENT EXCITATION SYSTEMS 


After the foregoing general discussion, a concrete 
comparison of different kv-a. outputs obtainable from 
the synchronous condenser in question with different 
types of excitation may be of interest. Fig. 4 was 
prepared to give this information on one of the 30,000- 
kyv-a. condensers under consideration, operating under 
the expected normal condition of one-third rated load. 
The detailed data can be briefly abstracted as follows: 


If the machine operating on an infinite bus were 
equipped with a normal exciter and voltage regulator 
and full excitation applied, the average increase in 
kyv-a. output for the first half second, which is expressed 
by the area under the output curve, would amount to 


Load-Time Curves of Synchronous Condenser 
rated AT1-12~- 30,000 M-600S-13,800 Volts when 
connected to an infinite bus and the following 
excitations applied when the machine is carrying 
10,000 Izading kv-a.( 0.05 seconds allowed for 
regulator to operate. 


Ceiling 
Voitage 


Thousands of Kv-a. Output 


Time in Seconds 
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approximately two and one-quarter per cent of the full 
rating of the condenser. 

If under the same conditions, the nominal ‘“‘quick 
response” type of excitation, with approximately 400 
volts per sec. rise and normal exciter ceiling voltage 
were applied, the increase in output would become 
eight per cent. 

If, again, the excitation, were raised at the rate of 
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approximately 3000 volts per sec. to a maximum of 500 
volts, the average output of the condenser would be 
raised 32 per cent of its full-load capacity; and finally, 
by using the superexcitation as contemplated, wherein 
the maximum condenser output is limited to the 
equivalent of double excitation, the increase becomes 
64 per cent of the rating of the machine. 

From this comparison it is evident that the degree of 


Output-Time Curves of Synchronous Condenser 

rated ATI-12-30,000M-600-13800 Volts when 

connected to an infinite bus and the follow- 

ing excitations applied with the machine 

carrying 10,000 kv-a. |¢ading (0.05 seconds 

allowed in @ach case for regulator to operate), 

- Curve i- Standard excitation. 

Curve 2- Normal “quick response" excitation. 

Curve3- Excitation with response and 
exciter ceiling voltage 50per cent 
of super-excitation. 

Curve 4- Super-Excitation. 


Synchronous Condenser Output 
in Thousands of Kv-a. 


Time in Seconds 
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superexcitation proposed does not exceed that which 
can be justified by the response. 


CONCLUSIONS 


In the light of the foregoing facts, this installation 
will place at least one new milestone beside the path of 
electrical development. 

It will be the first use of superexcitation on a syn- 
chronous machine on any operating system. 

The author wishes to express his appreciation of the 
considerable assistance given him by Messrs. R. H. 
Pork, O. A. Gustafson and F. R. Longley in the prepara- 
tion of this paper. 


The fifth Annual Convention of the American Oil 
Burner Association, held last month in Chicago, 
brought together 1500 delegates including many 
electrical men. Most of the principal oil burners 
have been approved by the Board of Underwriters, 
and there is a good prospect of cooperation between 
the oil heating industry and the electric light and 
power stations. 


Abridgment of 


A Thermal Method of Standardizing Dielectric 


Power Loss Measuring Equipment 


J. A. SCOTT, 


Associate, A. I. E. E. 


Synopsis.—After a brief review of the need for reference standards 
in dielectric power loss measurements at highvoltage and commercial 
power frequencies, this paper describes a thermal method for measur- 
ing dielectric power loss in cable, utilizing the sheath temperature 
rise associated with the flow of heat due to the power loss within the 
sheath. Sources of error are discussed briefly and results are given 
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and 


in comparison with measurements of dielectric power loss by the 
reflecting astatic electrodynamometer wattmeter, using an aur 
capacitor for phase-angle compensation. 

In connection with the investigation, certain possible errors in 
dynamometer measurements are noted, particularly the effect of 
humidity on power loss in the air capacitor. 


GENERAL 


OR some years engineers interested in the measure- 
ment of dielectric power loss at high-voltage and 
commercial power frequencies, such as in paper 

insulated cable, have felt the need for suitable means by 
which such measurements could be standardized. It is 
considered that such a means of expressing dielectric 
power loss in terms of well established units may be 
found in an examination of the heat appearing in the 
dielectric under consideration. The methods that 
occur to one as promising are either (1) a flow calorim- 
eter or (2) the comparison of surface temperature rise of 
two samples under similar conditions, one having 
dielectric power loss, the other, a source of heat easily 
measured with the desired accuracy, such as d-c. 
ohmic power ‘loss in the conductor. When the 
temperature rises are equal, the dielectric power loss in 
the former is taken equal to the ohmic power loss in the 
latter. The symmetrical geometry of lead sheathed 
cable, and the ease of making measurements on a short 
section of a long cable, thus avoiding end effects, led to 
the adoption of the latter method, which will be known 
in this paper as ‘‘comparison of heating.’”’ Results of 
preliminary measurements by comparison of heating at 
about 35 kv. three-phase were presented by Mr. E. 8. 
Lee in the discussion at the Symposium on Dielectrics 
and Power Factor Measurements held at the Niagara 
Falls Regional Meeting of the Institute in 1926. 
The present investigation extends this method to single- 
phase measurements at 90 kv., and introduces refine- 
ments in the apparatus and method. : 

It should be noted that our immediate interest in this 
work was the detection of any constant error in the 
dynamometer wattmeter equipment as used for the 
measurement of dielectric power loss in high-voltage 
cable. Due to that interest, several other phenomena 
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not closely connected with the thermal measurement 
of dielectric power loss,—especially the fairly definite loss 
in the air capacitor at high relative humidity,—were 
examined and are reported here. 

This paper is presented that others interested in 
dielectric power loss measurements at high voltage 
and commercial power frequencies may avail themselves 
of our experiences with this method as a means of 
checking dielectric power loss measuring equipment. 


DESCRIPTION OF APPARATUS 


Comparison of heating requires the measurement 
of the ohmic power loss in the conductor of one cable 
that produces nearly the same sheath temperature rise 
as that of a similar cable to which alternating voltage 
is applied across the insulation, the cables being under 
like conditions for heat flow to the surrounding medium. 
That is, two like cable samples with suitable terminals 
are required mounted in some medium that provides 
approximately constant ambient temperature and like 
conditions for heat flow from the two cables. Means 
must be provided for measurement of the small tem- 
perature difference between the two sheaths with the 
necessary accuracy. Actual temperature rises are not 
needed if the conditions of constant equal ambient 
temperature and thermal emissivities constant in time 
can be maintained. These conditions were maintained 
on two single-conductor cable samples to the degree 
shown in the complete paper. (See Fig. 1.) 

Suitable means were provided for measuring im- 
pressed high voltage on one cable and d-c. ohmic power 
loss in the conductor of the other cable. 

Two schemes of temperature measurements were 
used. Four sets of thermopiles, each consisting of 
20 copper ideal junctions in series, ten (“‘hot” 
junctions embedded in the sheath of one cable and ten 
“cold” junctions in the other), were distributed along 
the measuring sections of the cables to permit reading 
temperature differences. The second scheme consisted 
of five resistance temperature detectors made of 10- 
mil (0.065-sq.mm.) enameled copper wire, wound in 
contact with the sheath of each cable and covered with a 
strip of 0.01-inch (0.25-mm.) horn fiber. 
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HEAT FLOW 


Two questions may well arise here concerning the 
necessity for approximately constant ambient tempera- 
ture and the possibility of error due to axial flow of heat 
along the conductor. Constant ambient temperature 
is necessary because the dielectric power loss in paper 
insulated cables at a given voltage changes with tem- 
perature and because of the two cables, the one heated 
by dielectric loss will respond more rapidly to changes 
in ambient temperature than the one heated by copper 
loss. Fig. 2, showing temperature difference as a 
function of time between two cables having dielectric 
power loss in one very slightly less than the ohmic loss 
in the conductor of the other, illustrates this. 

The possibility of error due to axial flow of heat along 
the conductor was shown to be negligible by an ap- 
proximate analysis of steady state conditions. 


PRECISION OF MEASUREMENT 


D-c. power input measurements, as such, call for no 
further comment. They were of the precision usually 
obtained with portable instruments and ordinary care. 
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Fig. 2—TErMPERATURE DIFFERENCE BETWEEN CABLE SHEATHS 


AS A FUNCTION oF TIME 


Ordinate is temperature of cable sheath A minus temperature of cable 
sheath B, with dielectric power loss in cable A nearly equal to ohmic loss 
in conductor of cable B 


It is necessary to note, however, that with our equip- 
ment, this power input could not be held as closely 
constant during a heat run as it could be read on the 
instruments. Momentary departures from the desired 
value of power input were as great as 11% per cent. 
The same figure holds for departure from the desired 
value of voltage squared on the cable having dielectric 
loss. It is believed that the mean power over a short 
period was held to within one part in two hundred, 
although one per cent is reported here as a conservative 
value for probable error in holding constant power on 
each cable separately. 

Cable charging current, although not entering into 
the determination of dielectric power loss, was measured 
using an electrodynamometer ammeter with dn ac- 
curacy of one per cent. The same value of current at a 
given voltage, obtained from a series of determinations, 
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was used in calculating all power factors at that voltage. 

Temperature differences by thermopile were read by 
a galvanometer. The over-all sensitivity was 0.0015 
deg. cent. per mm. deflection. Errors due to thermal 
e.m.fs. in the galvanometer and series resistance 
(used to secure proper damping) were eliminated by 
reversed readings. Connection to the thermopiles was 
made by means of copper braid clipped directly to the 
copper wire leads from the thermopiles. Here there is a 
source of possible thermal e. m. fs. not eliminated by 
reversed readings. This source of error was investi- 
gated and found small as compared with one mm. 
deflection. 

In view of the fact that the resistance temperature 
detectors were read one at a time, it was necessary to 
follow a scheme of checking back, reading first a detector 
on cable ‘‘A’”’, then one on cable “‘B’’, then back to 
“A”? again, to avoid errors due to the small cyclic 
variations in ambient temperature previously men- 
tioned. This variation amounted to about 0.08 deg. 
cent. at the detectors (0.2 deg. cent. in the air). The 
sensitivity was about the same as for thermopiles; 
2. €., readings could be taken quite rapidly to 0.002 deg. 
cent. Incidentally, the labor of computation is con- 
siderably greater with resistance temperature detectors. 

Sensitivity of this order, since it was easily obtained, 
was considered desirable even though it was a little 
better than the accuracy with which temperature rises 
could be held. That is, 0.002 deg. cent. represented 
about 0.001 watt per foot length of cable or not over one- 
fourth of one per cent of the loss in the cable. Control 
of loss was not quite so close,—say less than one per 
cent. It is believed that the cyclic variation of am- 
bient temperature led to no constant errors, though it 
undoubtedly increased the deviation of individual 
readings from the mean. 

Measurements of dielectric power loss on this cable 
were made with the dynamometer wattmeter measuring 
equipment under temperature conditions as nearly like 
those obtaining on comparison of heating as possible. 
This, together with the close agreement between 
various dynamometer wattmeter measurements made 
over a period of five weeks, is believed to eliminate the 
possibility of serious error due to change in dielectric 
power loss in the samples. The average of these 
measurements is recorded in Table III. 

As a numerical value for error in any one measure- 
ment of dielectric power loss by comparison of heating, 
assume equal weights for one per cent error in holding 
d-c. power input constant, one per cent error in holding 
square of impressed voltage constant, and 11% per cent 
error in power corresponding to one-half the cyclic 
variation of sheath temperature (0.03 deg. cent.). 


[ (0.01)? + (0.01)? + (0.015)?] 44 = 0.0206 


or two per cent expected error in final dielectric power 
loss measurement. In this cable sample this is about 
two-thirds of 0.0001 power factor. 
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TABLE III 
DIELECTRIC POWER LOSS IN CABLE BY COMPARISON OF HEATING, COMPARED WITH DYNAMOMETER 
WATTMETER MEASUREMENT 
Dielectric power loss. Watts percm. . 
Sheath temperature 
difference 9, deg. cent. Voltage applied to: By comparison of heating *Power factor 
Ohmic loss in 3 By 
conductor comparison 
watts per cm. by Th. bya ee aD. Cable Kv Th. R. T. D. By dyn. of heating By dyn. 
0.0155 .096 OxmtdE7, B ho 0.0142 0.0142 0.0154 0.00313 0.0034, 
0.0144 — 008 0.021 A 75 0.0142 0.0143 0.0152 0.00314 0.00335 
0.0182 — .041 — .002 A 82.5 0.0174 0.0177 0.0180 0.00315 0.00325 
0.0182 0.068 0.104 B 82.5 0.0174 0.0171 0.0189 0.00310 0.00339 
O21 0.028 0.062 B 90 0.0209 0.0207 0.0226 0.00315 0.00342 
Q.211 —.003 0.028 A 90 . 0.0209 0.0211 0.0215 0.00313 0.0032; 


*Charging current 0.0605, 0.0667 and 0.0732 milliamperes per cm. at 75, 82.5 and 90 kv. respectively. 


The error in a dynamometer wattmeter measure- 
ment, assuming correct phase-angle error compensation, 
is taken equal to 0.0002 power factor for samples of this 
size with the dynamometer wattmeter equipment used 
in this investigation. Thus, a difference between power 
factor calculated from dielectric power loss by com- 
parison of heating and power factor from dynamometer 
wattmeter power measurement, greater than 0.0003 
power factor, would cali for explanation. 


EXPERIMENTAL RESULTS 


Five runs with direct current in the conductor of each 
cable were made in order to establish the values of 
constants needed for the calculation of results, as 
described in the complete paper. These were followed 
by six runs (a “run” referring to the maintenance of a 
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definite current in one cable and voltage on the other 
cable for the time, about 10 hr., required to reach 
approximate thermal equilibrium) the results of which 
are tabulated in Table III. In this table ‘‘th”’ refers to 
thermopile determinations. ‘“‘R. T. D.” to resistance 
temperature detector determination and ‘Dyn.’ to 
measurement of dielectric power loss by dynamometer 
wattmeter with air capacitor for compensation. Note 
that one run was made on each cable at each voltage as 
a further precaution against error or change in the 
constants referred to. To aid rapid analysis power 
factor results from this table are plotted as Fig. 4. 

The two methods agree within nine per cent in any 
case, or within six per cent for average of all cases. 


This agreement is at about 0.003 power factor and 
represents a difference of 0.0002 power factor. 


APPLICATION OF RESULTS 


The comparison of heating measurements were made 
primarily as a precise check on the dynamometer watt- 
meter equipment for dielectric power loss measurement. 
To make the fullest possible use of this check and to 
avoid the necessity for frequent repetition of compari- 
son of heating measurements, it became desirable that 
certain possible sources of error in the use of the air 
capacitor for phase-angle compensation of the dyna- 
mometer wattmeter be examined critically and the error 
reduced to a negligible amount. This work is dis- 
cussed under two headings. (1) The effect of phase 
displacement between capacitor charging current and 
current through the dynamometer wattmeter current 
coils is under ‘‘Review of Compensated Dynamometer 
Wattmeter Measurement of Dielectric Power Loss.” 
(2) The fairly definite power loss in the air capacitor 
at high relative humidity is under “Effect of Humidity 
on an Air Capacitor.”’ 


REVIEW OF COMPENSATED DYNAMOMETER WATTMETER 
MEASUREMENT OF DIELECTRIC POWER LOSS 


It may be shown that the known or suspected con- 
stant errors in the dynamometer wattmeter equipment 
used in this investigation do not exceed 0.0001 power 
factor if there is no power loss in the air capacitor used 
for compensation. 


EFFECT OF HUMIDITY ON AN AIR CAPACITOR 


Observation of the performance of several high- 
voltage air capacitors used for dielectric power loss 
measurement shows occasional conflicting results on 
damp summer days. These cases of suspected error, 
although infrequent, make all dielectric power loss 
measurements in terms of an air capacitor subject to 
doubt until the conditions associated with them can be 
stated. An examination of the technical literature 
fails to show that such doubtful readings have been 
ascribed to actual power loss in very humid air but in 
each such case humidity probably varied to a greater 
extent than did other conditions. Hence, it seemed well 
to investigate the effect of humidity on an air capacitor 
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used for phase-angle compensation of the dynamometer 
wattmeter for dielectric power loss measurement. 

While the comparison of heating measurements were 
under way, such an air éapacitor as has been described 
in detail elsewhere, was enclosed in a tight box equipped 
with means for controlling and measuring humidity. 
Humidity was increased by slowly introducing water 
vapor into a circulating air steam within the box or 
decreased by exposing calcium chloride in the box. 
Measurement was by wet- and dry-bulb thermometer 
in the air stream. In each case, time was allowed for 
the humidity of the air between the capacitor plates 
to assume a steady-state value. 

The capacitor was used at various relative humidities 
and temperatures to compensate the dynamometer 
wattmeter for measurement of the apparent dielectric 
power loss and power factor of the cables previously 
standardized by comparison of heating. The power 
factor of either of these cables as measured repeatedly 
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by dynamometer wattmeter with the air in the capaci- 
tor dry was assumed constant. See Table III and Fig. 
4. The difference between the assumed constant power 
factor and that measured when a given humidity and 
temperature existed in the air between the capacitor 
plates was taken as the “‘power factor’ of the air capaci- 
tor at that humidity and temperature, indicating an 
actual power loss between the plates of the capacitor. 
Results of such measurements are shown plotted on 
Fig. 7. Considering the nature of the measurements 
involved, it is felt that these results are sufficiently 
consistent to warrent the conclusion that the capacitor 
is practically without loss below 50 per cent relative 
humidity and shows a very marked power loss above 
50 per cent relative humidity, larger at greater 
humidities. 

Incidentally, it may be recorded that at high relative 
humidities, say 70 per cent or 80 per cent, flashover of 
the capacitor may occur at very low values, as low as 
0.7 normal flashover voltage. 

No explanation is offered for the observed phenomena 
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beyond a guess concerning charge carried on dust 
particles. A mixture of permanent gas and unsaturated 
water vapor was expected to behave as a permanent 
gas in an electric field. It is believed that the only 
difference between such a mixture and the dielectric 
in the capacitor is the probable presence of dust in the 
capacitor. 


CONCLUSIONS 


It is believed that dielectric power loss along two 
10-ft. lengths of cable, as arranged for dielectric power 
loss measurement in the usual way, has been measured 
by a thermal method with the accuracy expected from 
the apparatus employed; 7. e., with a probable error not 
over two per cent. This measurement is at a power 
factor near 0.003. That the usual electrical measure- 
ment of dielectric power loss indicates slightly higher 
losses, the difference being of the order of magnitude 
of dynamometer wattmeter reading error, may be 
either accidental or associated with a small loss con- 
centrated at the end of the measured length, in the 
3/8-in. spacing between the measuring section and 
and the guard sections, indicated on the dynamometer 
wattmeter but missed by the thermal scheme. In 
either case it is considered that negligible loss in the 
air capacitor used with the dynamometer wattmeter ° 
is demonstrated, provided that care is taken to keep 
the relative humidity below 50 per cent in the capacitor. 
Present practise with this capacitor is the maintenance 
of relative humidity below 40 per cent. 

The thermal method used seems sufficiently simple, 
accurate and independent of usual dielectric power loss 
measurements that its occasional use as a check in any 
laboratory making careful measurements of dielectric 
power loss is warranted. 


RECENT INSTALLATION OF LARGE 


AIRWAY BEACONS 

In addition to the new 1,000,000,000 candlepower 
revolving beacon which is soon to be installed in 
Chicago, a gift of Elmer A. Sperry, President of the 
Sperry Gyroscope Company, Brooklyn, N. Y., several 
other beacons of unusual size have recently been in- 
stalled in various parts of the country. Within the 
past month a new airplane beacon was erected on the 
roof of the St. George Hotel in Brooklyn. This has a 
rating of 480,000,000 candlepower and is said to be the 
largest beacon ever built for private use. 

Two revolving beacons now being erected in Cali- 
fornia by the Standard Oil Company for the guidance 
of West Coast fliers are said to develop 10,000,000 
candlepower each. One will be placed on top of Mount 
Diablo, twenty-five miles southeast of San Francisco, 
at an altitude of nearly 4000 feet, and will be visible 
from points within a radius of 100 miles. The other 
is to be located among the Merced Hills in Los Angeles 
basin, just north of Montebello. These two installa- 
tions will be similar—Transactions I. E. S. 
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Some Aspects of Pacific Coast Interconnections 
BY P. M. DOWNING: 


Member, 


Synopsis.—This paper tells in general of the reasons for, and 
the advantages of, interconnection between power supply systems. 
It enumerates five essential factors which must be considered in 
successful operation of interconnected systems; namely, (1) 
dependable communication; (2) centralized authority and control 


| [Pear A eee as that term is used when 
applied to the electrical industry, means nothing 

more or less than the pooling of the production and 
distribution facilities supplying power within a given 
area. It differs from transmission in that intercon- 
nection implies the transfer of energy from one system 
or area having a surplus to another system or area 
having a shortage, whereas transmission implies the 
transfer of energy from the point of production over a 
considerable distance to the point of usage. 

Electric service was once local in character but with 
the advent of higher voltages which made possible 
the transmission of power over greater distances 
communities which theretofore had been supplied from 
local generating plants found it to their advantage to 
interconnect with other adjoining systems as a most 
logical and common sense way of making a more bene- 
ficial use of existing facilities. 

Interconnection does not imply necessarily capital 
consolidation of the power supply systems involved. 
There are many instances where two or more indepen- 
dent systems are operating very successfully under 
contracts or working agreements that permit of 
economies not possible under separate operation. Very 
often, however, all of the advantages to be had from the 
interconnection are not obtained under contractual 
arrangements, due to the lack of sufficient flexibility 
in the contracts or working agreements in effect. To 
obtain maximum economic and beneficial results from 
interconnection, control and management should be 
unified. If power is to be distributed under the most 
favorable conditions, there must be, more than any- 
thing else, local territorial monoply. No state, however 
richly endowed with water power, coal, oil, or other 
fuel, can make maximum beneficial and economic use 
of its facilities without interconnection. 

At various times, we hear of “giant power’ and 
“superpower” systems. While, to the imagination of 
the lay mind, these fascinating phrases probably make 
a stronger appeal than does the more homely and 
commonplace expression “interconnection,” aside from 


1. Vice-President Pacific Gas & Electric Co., San Francisco, 
Calif. 


YNe, Me Bis SBhe 


over operations; (3) location and isolation of trouble; (4) voltage 
regulation and control over the entire system; and (4) frequency 
control. A description is given of the interconnections along the 


entire Pacific Coast. 
eee ear ee 


the generally accepted idea that giant power im- 
plies State or Federal ownership, they mean sub- 
stantially the same as interconnection, and all tend 
to accomplish the same end. 

Some of the more enthusiastic proponents of giant 
power have gone so far as to suggest that there should 
be high-voltage lines of large capacity connecting 
different power-producing and power-consuming areas 
within the radius of practical electrical transmission. 
This, in effect would produce a single pool of power into 
which all generating stations would deliver power, and 
out of which, all distributing systems, irrespective of 
ownership, would take delivery of such amount as they 
might need. From an idealistic standpoint, such an 
arrangement would probably be well nigh perfect; 
but from a practical and economic standpoint, the 
investment in transmission facilities would probably 
be so great that the purpose sought to be accomplished — 
would be defeated. 

Some of the more important advantages to be gained 
by the interconnection of two or more different power- 
supply systems are as follows: 

1. Greater reliability of service and increased econ- 
omies. In case of a shortage of power due to accidents 
to equipments, other similar equipment on the intercon- 
nected system can supply the shortage until repairs 
are made or other units put into service. Under normal 
conditions, the more efficient units can be operated, the 
less efficient being held in reserve and operated only in 
emergencies. 

2. Increased diversity, thus reducing the power 
requirements of the combined systems, and by improv- 
ing the load factor, reducing the capital investment in 
plant facilities. 

3. Common use of reserve or spare capacity, 
further reducing the capital investment in plant. 

4. In cases where the network is supplied with 
power from both steam and hydro sources, the hydro 
stations can be operated continuously at full load when 
water is available, creating a maximum beneficial 
use of water power with a minimum use of steam. 

5. General availability of power over large areas, 
making it possible for factories to locate where raw 
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manufacturing plants to locate in smaller towns and 
agricultural areas, and to use labor normally employed 
during certain seasons only. In this way, intercon- 
nection becomes an active force in the decentralization 
of population. 

Although there are many arguments in favor of 
interconnection as a most logical means of effecting 
economies, the extent to which power systems can be 
advantageously interconnected has certain limitations 
beyond which there is no advantage in going. 

Unfortunately, the wide-spead discussion of this 
subject which has taken place of recent years has 
given the public the impression that it would be practi- 
cable to interconnect all of the power systems in the 
country irrespective. of the distances at which they 
might be separated, and by parallel operation and 
exchange of power, effect economies to a point where the 
cost of power to individual consumers might be reduced. 
Nothing could be further from the fact. In the light 
of our present knowledge of the art, the advantages 
of interconnection are regional in character and limited 
to a radius of 300 to 400 mi. 

In California, where perhaps more has been done 
in the way of unifying the ownership and operation of 
electric utilities than has been accomplished elsewhere, 
topography was an important factor in bringing the 
systems together. In the eastern part of the state, 
running north and south for hundreds of miles, are the 
Sierra Nevada Mountains, having hydro resources 
amounting to approximately 9,000,000 hp. In the 
extreme western part of the state lie the cities with 
markets for large blocks of electric power. Between 
the two are the wonderfully fertile agricultural valleys 
which of necessity had to be crossed by the trans- 
mission lines carrying power from the hydro plants in 
the mountains to the cities on the coast. The result 
of such a situation was the construction of a number of 
transmission lines converging toward the cities as a 
common point of delivery. Later, by a natural process 
of consolidation, various systems were united into 
larger units which were in turn interconnected, forming 
a network of lines which permitted of a ready exchange 
of power between areas supplied from a system under 
a single ownership and management or among several 
systems under separate ownerships and managements. 

The power houses and transmission lines in Cali- 
fornia can all be interconnected to form a single network 
covering the entire state. Ordinarily there are three 
major connected groups. The first includes the 
California-Oregon Power Company, Pacific Gas and 
Electric Company, Snow Mountain Water and Power 
Company, City and County of San Francisco, Utica 
Mining Company, Coast Counties Gas and Electric 
Company, and the Truckee River Power Company. 

The second, the Great Western Power Company of 
California, San Joaquin Light and Power Corporation, 
Merced Irrigation District, and the Feather River 
Power Company. 
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The third, the Southern California Edison Company, 
Southern Sierras Power Company, City of Pasadena, 
Bureau of Power and Light, City of Los Angeles, and 
the San Diego Consolidated Gas and Electric Company. 

Along the routes of these transmission lines, running 
from the hydro plants on the western slopes of the 
mountains to the larger cities along or near the coast, 
there were many smaller cities, towns, and agricultural 
communities. Some of these were supplied with power 
from small isolated plants, while others were entirely 
without electric service. These small plants were in- 
efficient and the opportunity to shut them down and 
obtain hydro power from transmission sources at less 
than it was costing to produce it locally was weleomed 
by all. At the same time the load thus obtained 
afforded a ready and quick revenue to the transmission 
systems. As a result of these mutual advantages, 
practically all of the isolated plants were abandoned 
very shortly after power was available from trans- 
mission sources. Eventually most of these small plants, 
together with the distributing systems, were taken over 
by the larger companies and became a part of a larger 
and more extensive network. 

The agricultural areas were greatly benefited by 
the extension of these transmission lines. California 
is essentially an agricultural state, having a wet season 
and adry one. Some indication of the extent to which 
electric power is being used for agricultural purposes 
may be obtained from the fact that the more than 
35,000 irrigation pumping installations in this state 
represents a greater number than is to be found in all 
of the other states combined. When it is considered 
that the agricultural business is the least remunerative 
of any that is served by the supplying companies, it 
will be apparent at once that the rural communities 
have benefited greatly by the fortunate fact that nature 
has placed them between the source of power supply 
in the eastern part of the state and the principal market 
in the western part. 

While California is generally recognized as having 
pioneered the long distance transmission of power, 
pointing out the advantages of maintaining intercon- 
nections between systems supplying adjacent territory, 
the field of interconnection has not been limited to this 
state. It has been extended until it now includes 
Oregon, Washington, Nevada, Idaho and British 
Columbia. Physical connections between systems 
operating in these various states are maintained and 
if found desirable, they could all be connected into a 
common network. As a practical measure however, 
this has never been attempted. The most extensive 
interconnection continuously in operation is that be- 
tween the California-Oregon Power Company, supply- 
ing the central and southern parts of Oregon and the 
northern part of California, the Pacific Gas and Electric 
Company, supplying the northern and central parts of 
California, and the Truckee River Power Company, 
supplying the western part of Nevada. Involved in 
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this interconnection are 4760 mi. of high-voltage lines, 
546,000 kw. of hydro generating capacity and 183,000 
kw. of steam generating capacity. : 

Although the diversity of load found on most large 
interconnected systems tends to improve materially 
the load factor of the system, from a strictly economic 
standpoint, if best operating results are to be obtained 
it is still desirable to maintain a ratio between hydro 
and steam capacities that will call for base load being 
carried on hydro and peak and emergency loads on 
steam. The ideal relationship between these two 
sources of power supply will depend upon a number of 
elements, among which the chief are load factor, 
relative capital costs of steam and hydro installations, 
cost of fuel, etc. With a load that is continually grow- 
ing, and the economic advantages that come from the 
construction of larger generating plants as compared 
with those of smaller capacity, the ideal allocation of 
load between hydro and steam to obtain maximum 
economy of operation is seldom, if ever, obtained. 

From the standpoint of continuity of service, steam 
plants play a less important part today than they did a 
few years ago. Several factors have contributed to- 
ward bringing about this change. In the first place, 
as the number of hydro plants feeding into an inter- 
connected network is increased, temporary cessations 
of operation of one or more generating stations whose 
output represents a comparatively small percentage of 
the total have but little effect on the general service 
of the system as a whole. A similar situation obtains 
in the case of transmission lines. So far as transmission 
is concerned, however, a much more important factor 
in improving service lies in the better quality and design 
of insulators that are now available and the better and 
more substantial physical construction used. 

Some indication of the dependability of service from 
hydro sources may be had from the operating records 
of Pacific Gas and Electric Company for the year 1927. 
Climatic conditions in California during the past year 
were such as to afford an abundant water supply at all 
hydro plants. The steam plants located in the more 
important cities were floated on the line as a protection 
against interruptions to service that might occur in 
case of transmission line trouble. By operating in this 
manner, the load carried on steam was reduced to a 
minimum. With a peak load of 439,568 kw. and an 
energy output of 2,380,000,000 kw-hr., less than 0.9 per 
cent of it was produced by steam. 

Some of the more essential features that must be 
given consideration in connection with the operation of 
interconnected systems are: 

1. Dependable communication 

2. Centralized authority and control over operations 

3. Location and isolation of trouble 

4. Voltage regulation and control over the entire 
network 

5. Frequency control 

One of the most important adjuncts to the success- 
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ful operation of any large interconnected network 
of transmission lines is dependable communication. 
Under normal operating conditions where the distances 
are not too great, satisfactory communication can 
very readily be provided by carrying the communication 
circuits on the same supporting structures that carry 
the power circuits. Unfortunately, however, when 
trouble occurs on the power circuits, with this type of 
construction, the inductive disturbances to the com- 
munication circuits are generally sufficient to make 
them inoperative when they are needed most. 

Much more dependable communication can be had 
over circuits independent of, and located a sufficient 
distance from, the power line to be out of range of in- 
ductive interferences. Most of the larger power 
systems in the West have communication systems of 
their own independent of the power systems, or lease 
from the telephone companies, circuits for their own 
exclusive use. 

Recent developments in carrier-current radio equip- 
ment give promise of providing a cheaper and more 
dependable means of communication between different 
stations on a transmission network than any other now 
available. First, the carrier current is superimposed 
on the power lines at a frequency below that used by 
regular broadcasting stations, thus avoiding any inter- 
ference of one with the other. Second, it can be in- 
stalled on any voltage power line and is not materially 
influenced by switching, short circuits, or other transient 
disturbances on the power circuit. Third, in the case 
of long lines, the first cost of the installation is less than 
that of a metallic circuit. Fourth, it has all of the 
flexibility of a metallic system. 

The most recent installation of this kind is that on the 
Pacific Gas and Electric Company’s 220- and 110-kv. 
lines running between the hydro plants on Pit River and 
the load dispatcher’s office in Oakland, a distance of 
approximately 240 mi. The service has been more 
dependable than that over an independent metallic 
circuit running between the two places. 

The success attending the operation of large inter- 
connected networks is due in a very large measure to the 
fact that authority and control over the details of opera- 
tion are centralized in the load dispatcher. In emer- 
gencies, his authority is supreme. So important is this 
position that service from an interconnected network 
may be good or bad, depending upon whether the dis- 
patching is handled well or otherwise. Allocation of 
load among the various generating substations and 
over the different lines in a way that will make a 
maximum beneficial use of the more efficient plants or 
equipment, conserve water or fuel, and at the same time 
prepare to meet any operating emergency that might 
arise, are some of the more important responsibilities 
of this position. 

Localizing and isolating troubles that might be 
sufficiently serious to interrupt or impair service ovér a 
considerable area is another big problem that comes 
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up in connection with the successful operation of an 
interconnected network. At one time this was more 
or less a matter of guess work. Practically all switches 
were manually operated. Present day equipment has 
materially simplified this situation. Automatic over- 
load, low-voltage, reverse current, time limit, reclosing, 
and other similar relays have almost entirely superseded 
manual operation in modern up-to-date installations. 

As an interconnected network grows, and the amount 
of power delivered into it increases, the necessity for 
having dependable switches becomes of increasing 
importance. The construction of high-voltage switches 
has been materially improved during recent years, but 
there has been practically no change in the general 
design. Failure to keep pace with the development of 
other facilities used in connection with the production 
and transmission of high voltages has made them the 
weakest link in a power system. 


The first attempt to build switches for operation at 
voltages as high as 60,000 was made in 1899 by the 
engineers of the Bay Counties Power Company, now a 
part of the Pacific Gas & Electric Company’s system. 
The consolidation and interconnection of a number 
of smaller systems soon made it apparent that switching 
could no longer be done on the low voltage side of the 
transformers. The manufacturers had not yet devel- 
oped switches for this voltage. To meet a situation 
precedent to satisfactory service from an interconnected 
network, it was necessary for the company to design 
and build its own high-voltage switches. The first 
attempts were necessarily crude. 

Improvements in the design and manufacture of 
bushings have eliminated to a very considerable extent 
the inflammable material used in the original design, and 
present day switches are much more rugged and de- 
pendable than those of 25 years ago. Although these 
improvements have added to the mechanical and elec- 
trical efficiency of the equipment, they have also in- 
creased first cost to a point which, with the usual 
number of air switches for by-passing and cutting out 
the high-voltage oil switch equipment, in a modern 
generating plant represents an investment equal to 
50 per cent of that in transformers. 

No other piece of electrical equipment offers greater 
opportunity for improvement than high-voltage 
switches. The very satisfactory operation of the two 
220,000-volt lines in California has proved beyond 
question the practicability of going to even higher 
voltages just so soon as the economies of the situation 
warrant. What the future may bring forth in the way 
of improvement in high-voltage switches remains to be 
seen. So far the vacuum-type switch has given more 
promise of relief than any other that has been proposed. 

If electric utilities fulfil their obligations to serve 
the public, they must be able and willing to supply 
at proper rates any kind or character of load that may 
be offered them. Much of the load on a general power 
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supply system will be of low power factor, and unless 
a consumer is penalized because of the low power factor 
of his load, or is offered inducement in some form by 
reduced rates or otherwise, to warrant his providing the 
necessary facilities for improving it, there will be a 
considerable amount of wattless current on the system 
that will have to be taken care of somewhere. 

This may be carried on one or more generating sta- 
tions to suit operating conveniences; or a much better 
plan, and one that becomes absolutely necessary as the 
length and voltage of the transmission lines increase, is 
to install synchronous condensers at or near the distribu- 
tion centers of the system. The number and capacity 
of such installations will depend on the voltage of the 
system, the load characteristics, the permissible varia- 
tion in voltage, etc.; but whatever capacity may be 
necessary to give proper service under normal operating 
conditions, if satisfactory service is to be given under 
abnormal conditions, it is very desirable to have a 
reasonable margin of spare capacity to maintain 
adequate service in emergencies. 

Condenser installations may be fully justified not 
only as a most satisfactory means of improving voltage 
regulation but also for their tremendous economic 
value, since by improving the power factor, the amount 
of power that can be carried over a given line is 
materially increased. 

Speed control on an interconnected system is a com- 
paratively simple matter. Irrespective of the number, 
size, or location, of generating stations, one station does 
the governing. Ordinarily, the station near the load 
center, where a sufficient governing margin can be 
maintained at minimum cost, is selected. Where a 
hydro plant does the governing, it is desirable that one 
having sufficient forebay capacity to supply the varying 
drafts necessary to meet load fluctuations be selected. 
Where the network is supplied from both hydro and 
steam sources, especially where the latter is operated 
as a standby or reserve source of power supply, there 
is but little, if any, economy in governing with steam. 
Maximum economy will be obtained by loading all 
hydro plants except the one doing the governing, thus 
reducing the steam load to a minimum and keeping 
only enough boilers hot to pick up the predetermined 
amount of load that is to be thus protected against 
interruptions in case of trouble. 


On a reasonably large interconnected network of lines, 
carrying a highly diversified load, the instantanecus 
variations in load, or what is ordinarily called the 
governing margin, is comparatively small. In fact, it 
is not at all unusual during short-water periods to reduce 
this to practically zero and follow the gradual variations 
in load by hand control. On the system of Pacific Gas 
and Electric Company, with a peak of almost 440,000 
kw-hr. supplied to an area larger than any other inter- 
connected network in the West, the normal governing 
margin is between 1000 and 2000 kw. 
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very briefly sketched, of the physical makeup of 

the transoceanic telephone circuit, why it has been 
given its present form, and what further improvements 
are expected as a result of development work now under 
way. 

The problem, in brief, is suggested as follows: A 
telephone system of some 18,000,000 stations in 
America, and distances of upwards of 3000 mi.; a tele- 
phone system of about 1,500,000 telephones in England 
and the possibilities already partly realized of wire 
extensions to the other European nations; 3000 mi. of 
ocean between these two systems. 

The establishment of a connection across the ocean 
presented two problems. First, the problem of setting 
up the radio circuit between the United States and 
England; and second, the problem of making this radio 


C’ is the author’s wish to present a picture, necessarily 


circuit function as a link between these two widely 
extended telephone systems. 


Fig. 1 shows the geographical layout of the long-wave 
transoceanic circuit. 
currents in a connection is as follows: 

Voice currents originating at any substation in 
America are transmitted to New York City over the 
wire circuits in the usual way; thence, by wire to the 
sending station at Rocky Point, Long Island, where they 
are radiated into space. These waves are picked up at 
Cupar, Scotland, and transmitted by wires to London, 
from which point they go by the usual wire connections 
_ to the subscriber in England or on the continent. 

The answering voice waves are transmitted from the 
European subscriber to London by wire and thence by 
wire to Rugby, England, at which point they are 
radiated into space. The waves are picked up at 
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Houlton in the northern part of Maine and trans- 
mitted by wires to New York City, and thence by wires 
to the American subscriber. 

It may be noted that the east- and westbound radio 
systems are entirely separate from one another. Also 
that the receiving points in both countries are carried 
as far north as convenient to Houlton, Maine, in this 
country, and in the British Isles, to Cupar, Scotland. 

The radio and wire plant in Great Britain is owned 
and operated by the Post Office Department of the 
British Government. 

As a supplement to the long waves, there is a short- 
wave circuit being formed which, so far, is only partially 
in use. During the severe static season of the summer 
of 1927, the short-wave circuit from the United States 
to London was employed as an emergency routing, ex- 
tending from Deal Beach, N. J., to New Southgate, 
London. 

In January, the British Post Office started sending on 
a return short-wave circuit from Rugby, England. 
This is now being received at Cliffwood, N. J., but is 
not yet ready for service. 

Fig. 2B (necessarily on a logarithmic scale), approxi- 
mates the frequency ranges covered by radio as 
it is now known. At the lower end are the long waves 
used in long distance telegraphy, extending down to 
nearly 10,000 cycles. At the upper end are the short 
waves, already more or less exploited, extending to 
about 10 meters; that is, 30,000,000 cycles. 

It is interesting to note that one frequency range 
around 60,000, lying near the lower end of the scale, 
and another frequency range extending from about 
10,000,000 to 20,000,000, near the upper end of the 
present scale, appear to be the most suitable for trans- 
oceanic transmission. 

Fig. 2A has no bearing on the present subject. It is 
rather interesting, however, as it shows the whole 
gamut of frequencies with which we are familiar. 
Near its lower end this plot has a frequency of one cycle 
per 2000 years, which is supposed to characterize a 
particular comet. From this it proceeds through the 
frequencies corresponding to solar periodicities, through 
the frequencies used in commercial power systems, 
through the voice frequencies, the wire carrier, the radio 
frequencies, the longer heat waves, the visual light rays, 
ultra-violet rays, .X-rays and to the very hard rays, 
sometimes called cosmic rays, with which Dr. Millikin’s 
name is associated because of the investigations which 
he has carried out regarding them. This whole matter 
of frequency range and the relation of each part to 
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human needs is of the greatest significance and interest. 
In considering how these long and short radio waves 
are handled in forming the transoceanic circuit, we shall 
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look first at the transmitting stations and antennas; 


next, at what happens to these waves in space; and then, 
at the receiving antennas and stations. 
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Assuming that the power is put into proper fre- 
quency form and radiated into space, the next ques- 
tion is, how does it fare in traversing the great distances 
before it reaches the receiving points. It can hardly be 
stated as a technical problem, since there is nothing the 
engineer.can do to control it. He can find out, how- 
ever, what nature does to such waves and try to 
arrange his transmitting, and particularly his receiving 
systems to meet the characteristics of the waves. 

There appears to be nothing to show this space trans- 
mission unless possibly a picture of the world rotating 
in space such as we have seen adorning popular articles 
onradio. It might be suggested, however, by contrast 
with wire transmission. 
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Fig. 3A shows a cross-section of a pair of copper 
wires spaced a foot apart on a pole line, which is the 
standard telephone wire arrangement. On such a 
circuit, 90 per cent of the energy is transmitted inside 
of the outer dotted circle. Fig. 3B shows two views, 
(one a cross-section) of a typical telephone toll cable of 
a diameter somewhat under three inches. Practically - 
all the energy for about 3800 telephone circuits is 
transmitted inside this sheath. 

While both the radio and the wire transmission 
involve similar electromagnetic waves, there could 
hardly be a greater contrast in the method of handling 
waves than that between the radio transmission con- 
sidered in this paper and transmission employing such 
wire methods and spanning the comparable distance of, 
say from San Francisco to New York. 
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Recently, while visiting the short-wave receiving 
station in New Jersey, the author was shown oscillo- 
graphs taken on radio telegraph transmission, in which 
each telegraph dot was followed about a tenth of a sec- 
ond later by what appeared to be an echo. The first 
transmission came some 3000 mi. from England, the 
second had gone in an opposite direction around the 


Strength of Received Signal (Microvolts per Meter) 


world and had traveled some 22,000 mi. before 
reaching the same receiving point. In such long 
distance radio, then, there may be a situation in which 
each individual signal sets up oscillations,—perhaps 
measureable in space surrounding practically the whole 
earth. 

Contrast this to the toll cable shown, which, as 
already noted, contains about 300 circuits. Such 
cable is used commercially for distances up to approxi- 
mately 1500 mi., and is permissible for 3000-mi. 
distances, such as we are here considering. In this 
cable, each message is practically confined to a strip of 
space extending between the terminals of the cable and 
smaller around than a lead pencil. In the radio case, 
one has literally all outdoors, but there is little one can 
do to control it. In the cable case the channel is 
reduced to the most meager dimensions, but this space 
can pretty nearly be called our own, surrounded and 
shielded as it is by a sheath, and containing carefully 
balanced circuits. Such space is only occasionally 
penetrated by outside disturbances when some power 
friends set up unusually strong electrical fields in the 
immediate neighborhood. By loading, amplifiers, 
and equalization of various sorts, this meager space is 
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guarded and controlled and rendered efficient and 
constant. | 

We are still somewhat in the dark as to how kind 
nature has been to us regarding short waves and what 
degree of reliability we can ultimately get from a cir- 
cuit employing them. There is nothing yet in the 
picture, however, to suggest a reliability for either long 
or short waves approaching that of a cable circuit for 
similar distances. 

A large amount of measurements has been made of the 
strength of the radio fields laid down in England from 
the long- and short-wave stations in America and simi- 
larly in America from the English stations. Along with 
such data is taken the amount of noise interference 
present at the receiving points. Fig. 4 shows data 
taken in this way. The curve which reaches the 
highest point shows for a typical summer’s day the 
field strengths received on the long wave from America. 
The other curve shows the field strengths received on 
short waves employing three wavelengths—16, 22 and 
33 meters—and taking for each time of day, the one of 
these which was best suited to the conditions. 

On this typical day, all the wavelengths were operat- 
ing well. It will be noted, however, that there are 
times when the long wave is low and some one of the 
three short waves is more effective, and other times 
when none of the three short waves are high but the 
long wave is effective. Furthermore, all of these 
waves vary a great deal, so that on certain days for 
hours shown operative on these curves, one or more 
might be entirely out of service. This chart indicates 
the tremendous advantage in employing a number of 
separate wavelengths varying widely in characteristics, 
and choosing at any one time that wavelength which is 
giving the best performance. 


Having followed the radio transmission as the waves 
radiate into space and traverse space to the receiving 
end, we come to the matter of receiving stations. 


So much for the question of the radio circuits them- 


selves. The problem remains of making them serve as 
a link between the two-wire systems on the two sides 
of the Atlantic. If this were merely one of 
transmission from one particular subscriber’s set to 
another, the very simple arrangement shown in Fig. 5 
would be feasible. In this, it may be noted that the 
eastbound and westbound transmission, each starting 
with a telephone transmitter at one end and extending 
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to a telephone receiver at the other, are kept entirely 
separate. Evidently, two people could carry on a 
converservation over this circuit without further com- 
plications; in fact, this was the manner in which the 
first two-way tests were carried out. 

Since eastbound and westbound short-wave chan- 
nels are at entirely different frequencies, there would be 
no interaction between the east- and west-going circuits 
when used in this way. For the long waves, however, 
since the east- and westbound circuits are at the same 
frequencies, each transmitting station would send 
considerable energy into the receiving station on the 
same side of the ocean, thus giving to each subscriber a 


heavy side tone of his own speech. This effect, how- 
ever, could be reduced considerably by separating the 
transmitting and receiving stations and arranging the 
directive antennas of each receiving station so it would 
receive as little as possible of the corresponding trans- 
mitting station. Even with the long waves, a con- 
versation could be held in this simple way. 

When the east- and westbound radio circuits are 
brought together for a connection to a wire circuit at 
each end, as shown in Fig. 6, some very serious difficul- 
ties are introduced. Consider, first, the simpler case of 
the short waves where the eastbound and westbound 
transmission are at different frequencies. 

The voice waves reaching London from an American 
talker will be reflected in part either at the London office 
where the east- and westbound channels are brought 
together or at some point before reaching the European 
subscriber. Unless means are taken to prevent 
it, this reflected energy can pass to the English 
transmitting station and be transmitted back to 
America. At the American end, a similar partial 
reflection can take place throwing part of the energy 
back again to England. In this way, according to 
circuit conditions, it is possible for the whole circuit 
either to build up and act as a widely flung oscillator, 
or, if the damping at the moment makes this impossible, 
electrical echoes and distortion can greatly interfere 
with the speaker or the listener. 

In the case of long waves, as already noted thereis the 
added difficulty that each transmitting station can 
throw a good deal of power into the receiving station 
on its own side of the ocean, thus bringing in the pos- 
sibility of local oscillations and distortions. 

For either the long or short waves, therefore, it is 
very advantageous,—in fact practically necessary,— 
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to employ switching devices actuated by the voice 
waves themselves to prevent the effects just stated. 
In this diagram, there is drawn so as to involve the 
wire connections both to the transmitting and the 
receiving station at each end, a rectangle, labeled 
“Voice Actuated Apparatus.” This is so arranged 
that when there is no transmission on the circuit, the 
wires connecting each transmitting station are short- 
circuited, making both transmitting stations inactive. 
Speech coming in, then, at one of the ends from a tele- 
phone subscriber operates a relay which opens the wire 
circuit to the transmiting station at his end, and at the 
same time, short-circuits the receiving path at the same 
end. 

One interesting phase of this voice-operated switching 
mechanism is the employing of a delay circuit. At the 
New York terminal of the circuit, when the voice 
currents reach it from some distant subscriber, and 
after these voice currents have actuated the switching 
mechanism noted above, they pass into an artificial 
line, down which they travel, are reflected, and travel 
back to the sending end of the artificial line. In this 
way, the voice waves are allowed to idle away two one- 
hundredths of a second during which time the switching 


mechanisms have performed the operations just noted 
and have thus put the circuit into shape for the voice 
waves to go forward. 

In view of the character of radio and its variable nature 
in particular, during operation the circuit is under the 
constant supervision of two technical operators, one 
located in New York and onein London. Fig. 7 shows 
the special terminal equipment, meters, etc., and the 
technical operator at the New York end. 

It is evidently desirable that the transmitting station 
shall always put out maximum power, whether the 
speaker has a loud voice or a weak voce or is near or 
distant from the transmitting station. One of the 
duties of the technical operator is to bring this about. 
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By proper indicating meters, he knows the power level 
of the speech going to his transmitting station, and he 
keeps this at the point where it will just completely load 
the transmitting station. 

With this brief discussion, then, let it be assumed that 
conditions have progressed to the point where the two 
great telephone systems are joined together by the 
radio links. 

To complete the story, the author wishes to say a 
few words more as to the changes and improvements 
which development work now under way is expected 
to give. 

As the system stands today, it does not offer the same 
privacy as ordinary wire connections. While ordinary 
broadcasting sets are not of the proper type to receive 
messages from this system, with sets designed for the 
purpose it is comparatively easy to pick up one side 
of the conversation over the system by listening to the 
transmitting station in the same country as the listener. 
Because of the voice-actuated devices, the other side 


of the conversation has to be picked up directly from 
the distant country, which is a much more difficult thing 
to do. 

To give this system a high degree of privacy is 
difficult; particularly with the long waves. As already 
stated, the frequency range in which the long waves are 
situated is narrow and well-filled, so that any proposi- 
tion that widens the required frequency range,—such, 
for example, as shifting the carrier frequency rapidly— 
cannot be employed. However, methods have been 
developed and equipment is now far advanced on a 
system that is expected to give conversations over this 
radio channel a sufficient degree of privacy. Certain 
features of this new privacy method will be probably in 
experimental use within a few months. But it will be 
at least six months, and possibly a year, before the 
complete privacy system is in full operation. 

The feature of this whole transatlantic service which 
worries the engineer most, however, is the matter of 
reliability. After the engineer has done the best 
possible in transmitting and receiving stations, he is 
confronted by the fact that transmission through 
space and noise conditions varies so much that 
thousands of times as much transmitting power as would 
be sufficient under good conditions may under poor 
conditions be inadequate to get it through. His only 
defense is to use a considerable number of wavelengths 
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which tend not to get into difficulties at the same times 
or under the same conditions. 

Considering first the short waves, we find, as already 
noted, that there is sufficient difference between the 
transmission characteristics of different parts of the 
range from, say 10 meters to 380 meters, to improve 
the reliability considerably by designing the stations 
to use any one of three or more frequencies in this range. 

We shall be very happy if, by such use of a number of 
short wavelengths and further improvements in tech- 
nique, the reliability of short wave channels can be made 
such as to some day eliminate altogether the necessity 
of the long wave channel with its much more extensive 
plants. There are a number of projects going ahead in 
the world for the establishment of long distance trans- 
oceanic telephone circuits employing short waves alone. 
With a reasonable further development of the short wave 
art, undoubtedly such service will prove well worth 
giving. 

Telephone service, however, is necessarily an exacting 
service, particularly since the subscribers participate 
directly in each connection. Moreover we are dealing 
here with the joining of North America and Europe, 
which, commercially and otherwise, is of such great 
importance that it justifies, perhaps, much more exact- 
ing technical requirements than any other transoceanic 
connection. 

So far, data available regarding short waves do not 
suggest that they ever will give a reliability of service 
comparable to that for similar distances overland wire 
circuits. It is our present expectation, therefore, that 
the giving of suitable service between America and 
Europe will require the continuation of the long waves, 
even though such waves demand a much more ex- 
tensive and complicated plant than do the short waves. 
In addition to the long waves, we shall also want the 
very best we can get from the short waves. By the 
combination of this one long and several short waves, 
we believe that ultimately the service, except for the 
three summer months of high static, will be but little 
interfered with by electrical weather, and that even 
for these months the service will be operative for better 
than 90 per cent of the time. 

It will be understood, of course, that the connection 
today from London will be entirely by long waves, -the 
short waves not being ready for commercial operation. 
The connection from America to England will be also 
in all probability by long waves, although the short 
waves are being held in readiness as an emergency 
routing. 


The second list of projects, under the public buildings 
program, was recently sent to the House by the Presi- 
dent. These projects provide for purchase of sites and 
construction in 98 cities throughout the United States, 
exclusive of Washington. They involve an expendi- 
ture in excess of $68,000,000 and an immediate expendi- 
ture in excess of $15,000,000. 
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ILLUMINATION ITEMS 


By Committee on Production and Application of Light 


A NEW INCANDESCENT LAMP WITH A NEW SIZE 
BASE* 

Until recently, the application of incandescent lamps 
to certain decorative and display uses has been ham- 
pered because lamps fitted with the standard Edison 
screw base were too bulky and lamps for use on regular 
lighting circuit voltages could not be made easily with 
the small candelabra screw base. One base was too 
large to permit the desired delicacy of design in equip- 
ment in which the lamps were to be used; the other 
was too small from a standpoint of lamp performance 
and manufacturing difficulty. 

A Mazda lamp, shown full size in Fig. 1, has now been 


placed on the market and gives promise of extensive 
use in several new fields. The lamp is made in three 
voltages—110, 115, 120. It consumes 10 watts and is 
regularly supplied in the S-11 bulb in red, yellow, 
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green, blue, and amber-orange coated colors, flame 


tint, white, and clear. The base used on this lamp is 
illustrated in Fig. 2 which is also full size. It has been 
designated as the Intermediate screw base, No. 01301. 
The essential dimensions are indicated on the figure. 

This new lamp will find important use in sign and 


*Submitted by Committee on Production and Application 
of Light. 
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display work where its size will permit a narrow letter 
stroke and a presentation of detail in design beyond 
reach with the lamps fitted with the larger base. Also 
it will be used extensively in lighted ornaments where 
its size will permit pleasing and unusual effects to be 
obtained. Already these ornaments have become very 
popular abroad and will undoubtedly prove to beequally 
popular here. 

A lamp of similar appearance with the same base 
has been made available for use on multiple-burning 
Christmas tree strings. The rapidly growing use of 
such strings in outdoor decorative lighting makes it 
particularly advantageous to use lamps in multiple 
rather than in series to facilitate replacement and to 
eliminate the extinction of several lamps through the 
failure of one. 


CAN WE HAVE TOO MUCH LIGHT? 

Although throughout the ages eyes have developed 
under thousands of foot-candles of daylight, we often 
encounter prejudice against comparatively feeble “high- 
intensity” artificial lighting on the ground of eye 
fatigue or actual damage to the eyes from supposedly 
excessive light. The idea that eye fatigue could result 
from working under intensities of illumination of the 
order of 50 to 100 foot-candles certainly did not emanate 
from scientific sources. Nor did this ungrounded con- 
tention arise from observation, for it has not been 
raised in connection with daylight, which, at the low 
value of 500 foot-candles, is generally considered 
“gloomy.” On the contrary, there is evidence in every- 
day work indicating that an abundance of light makes 
work easier and hence less tiresome. 

In order to study this, we devised a method to detect 
small changes in the balance of the eye muscles. This 
was applied to measure the effect of 30-min. periods of 
exacting visual work done under two intensities of 
illumination. One intensity of illumination was 5 
foot-candles and was sufficient for the accomplishment 
of the visual work. The other was 100 foot-candles. 
Measurements were made upon the eye-muscles before 
and after each 30-min. work period. 

Although the exhausting task was purposely chosen 
so that it could be performed under the lower intensity, 
the tests indicated that under twenty times this in- 
tensity of illumination, there was no greater eye- 
fatigue than under the lower intensity. In fact, the 
results showed slightly less eye fatigue in the case of 
the higher intensity of illumination. 

Certainly, from the viewpoint of eye fatigue, we can 
safely recommend intensities of illumination at least 
as high as 100 foot-candles; and we see no reason why 
1000 foot-candles should be fatiguing if other important 
factors of lighting and vision are properly handled. 

Reference: ‘‘Eye Fatigue and Its Relation to Light and 


Work,” by Dr. P. W. Cobb and Mr. F. K. Moss, Journal of the 
Franklin Institute, Vol. 200, 1925, p. 239. 


INSTITUTE AND RELATED ACTIVITIES 


The Summer Convention at Denver 
Offers Good Papers and Delightful Trips and Entertainment 


A program of excellent technical papers and most enjoyable 
recreational features has been scheduled for the 1928 Summer 
Convention which will be held in Denver, June 25-29, with 
headquarters at the Cosmopolitan Hotel. 


TECHNICAL SESSION 


Subjects alive in the minds of engineers will be treated in the 
technical papers. They will include such topics as surge-voltage 
investigations on transmission lines, control and protection 
of feeders for electrified railways, operation of electrical machines 
at high altitudes, a-c. elevator motors, electric welding of pipe 
lines, telephony, transmission experiences, extinction of a-c. ares, 
high-frequency supervisory control and geophysical prospecting. 

The year’s advances in all lines of electrical engineering will 
be described in the annual reports of the Institute’s Technical 
Committees. 


SECTION AND BrancH CONFERENCES 


The annual conference of delegates from Sections will be held 
on the first day of the meeting, and there will also be a con- 
ference of Branch Counselors and Delegates. 


Tries AND HNTERTAINMENT 


Chief among the entertainment features will be an all-day 
trip through Denver’s Mountain Parks. 
members through the pioneer town of Golden at the foot of 
Lookout Mountain. The climb up the mountain will be over 
the famous ‘‘Engineers Lariat Trail,’’ to an elevation of 7600 
feet. At the top a stop will be made to visit the grave of Buffalo 
Bill and Pahaska Tepee and to view the broad panorama of 
mountains and plains. The route will then lead over Genessee 
Mountain to Bergen Park and down the beautiful Bear Creek 
canyon on the return to Denver. 

Trips may be made tothe Valmont Steam Plant of the 
Colorado Public Service Company, Broadcasting Station KOA, 
stockyards and packing plants and other interesting points. 

Golf and tennis tournaments will be played and a reception 
and a banquet are other features. 

The ladies attending will of course enjoy the events already 
mentioned and in addition special plans have been laid for their 
entertainment, including teas, card parties, sightseeing and 
shopping tours. 

In connection with the convention a most interesting tour of 
Yellowstone Park and other places has been arranged to start 
immediately after the convention closes, June 29. Details of 
this trip are published elsewhere in this JoURNAL. 


RatLtRoAD RATES 


Regular Summer excursion rates will be available for mem- 
bers taking the trip to Denver who do not participate in the 
Yellowstone tour. 


COMMITTEES 


The General Convention Committee for the meeting is being 
directed by H. S. Sands, chairman; W. H. Edmunds, vice-chair- 
man and R. B. Bonney, secretary. The officers of the various 
subcommittees are as follows: Hntertainment—B. Shubart, 
chairman; H. B. Dwight, vice-chairman; Finance—W. C. Sterne, 
chairman; G. E. McCarn, vice-chairman; Meetings and Papers— 
H. P. Charlesworth, chairman; L. N. McClellan, vice-chairman; 
Registration—A. L. Jones, chairman; W. C. DuVall, vice-chair- 
man; Sections—W. B. Kouwenhoven, chairman; V. L. Board, 
vice-chairman; Ladies Entertainment—Mrs. A. L. Jones, chair- 
man; Mrs. L. N. McClellan, vice-chairman; Hotel—H. B. Barnes, 


Private cars will take . 


chairman; J. H. MeCable, vice-chairman; Publicity—J. F. Green- 
awalt, chairman; H. H. Argabrite, vice-chairman; Transporta- 
tion—W. H. Edmunds, chairman; G. M. Moore, vice-chairman; 
Student Branches—J. L. Beaver, chairman; H. S. Hvans, vice- 
chairman. 

Following are tentative programs of events, technical sessions 
and ladies entertainment. 


TENTATIVE PROGRAM OF SUMMER CONVENTION 
DENVER, COLORADO, JUNE 25-29, 1928 


Monpay, JUNE 25 


9:00 a.m. Registration 
10:00 a.m. Section Delegates’ Meeting 
12:30 p.m. Section and Branch Delegates’ Luncheon 
2:00 p.m. Section Delegates’ Meeting (continued) 
4:00 p.m. Branch Delegates’ Meeting 
TuESDAY, JUNE 26 
9:30 a.m. Annual Business Meeting of the Institute 
President’s Address 
Presentation of Prizes for Papers 
Technical Session on Surge-Voltage Investigations 
2:00 p.m. Golf and Tennis Tournaments 
8:30 p.m. Lecture. Geophysical Methods of Prospecting, Dr. 
C. A. Heiland, Colorado School of Mines 
9:30 p.m. Reception 
WEDNESDAY, JUNE 27 
9:30 a. m. - Technical Committee Reports, Sessions B and C 
12:30 p.m. Directors’ Luncheon-Meeting 
1:30 p.m. Technical Session on Electrified Railways 
6:30 p. m. Convention Dinner 
THURSDAY, JUNE 28 
9:00 a.m. Mountain Trip, returning about 4.00 p. m. 
8:00 p.m. Theater Party 
Fripay, JUNE 29 
9:30 a.m. Technical Sessions, E and F 
1:30 p.m. Golf and Tennis Finals 
7:20 p.m. Start of Tour to Yellowstone Park, ete. 


TECHNICAL SESSIONS 
Turspay, JUNE 25, 9:30 a. m. 


Session A—SurGE VouTaGe INVESTIGATIONS 


Surge-V oltage Investigation on Transmission Lines, W. W. Lewis, 
General Electrie Co. 

Lightning Investigations on New England Power Company’s 
System, E. W. Dillard, New England Power Co. 

Surge-Voltage Investigation on 140-kv. System of Consumers 
Power Co., J. G. Hemstreet and J. R. Eaton, Consumers 
Power Co. 

Surge-Voltage Investigation 132-kv. Transmission Lines of 
American Gas and Electric Co., Philip Sporn, American Gas 
& Electric Co. 

Surge-Voltage Investigation on 220-kv. System of Pennsylvania 
Power & Light Co., N. N. Smeloff, Pennsylvania Power & 
Light Co. 


WEDNESDAY, JUNE 26, 9:30 a. m. 


Sesstons B anp C—TrcunicaL Commirrer Reports, 
Two SIMULTANEOUS SESSIONS 
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WEDNESDAY, JUNE 26, 1:30 p. m. 


Session D—E.uecrririnrp RAaIbwAYyS—FEEDER CONTROL 


High-Speed Circuit Breakers, J. W. McNairy and R. M. Spurek, 
General Electric Co. 

High-Speed Circuit Breakers for Railway Electrification, H. M. 
Wilcox, Westinghouse Electric & Mfg. Co. 

Operating Experience with High-Speed Circuit Breakers, B. F. 
Bardo, New York, New Haven & Hartford Railroad 

Arrangement of Feeders and Equipment for Electrified Railways, 
R. B. Morton, of Gibbs and Hill 

Protection of Electric Locomotives and Cars to Operate with High- 

' Speed Circuit Breakers, J. V. Duer, Pennsylvania Railroad. 

The High-Speed Circuit Breaker in Railway Service, W. P. Monroe 

and R. M. Allen, Illinois Central Railroad. 


Fripay, JUNE 29, 9:30 a. m. 


Sessions E anp F—Two Simu.ttTaNneous SESSIONS AS SHOWN 
BELOW 


Session E 


Operation of Electrical Machines at High Altitudes, H. S. Evans, 
University of Colorado 

Transmission Experiences of the Public Service Co. of Colorado, 
M.S. Coover, University of Colorado, and W. D. Hardaway, 
Publie Service Co. of Colorado 

A-C. Elevator Motors of the Squirrel-Cage Type, E. BE. Dresse, 
Lincoln Electrie Co. 

Electric Welding of Pipe Lines, J. D. Wright, General Electric Co. 

Sxssion F 

Utilization of Lodgepole Pine as Pole Timber, R. W. Lindsay, 
Mountain States Telephone & Telegraph Co. 

Carrier Systems on Long-Distance Telephone Lines, H. A. Affel 
and ©. S. Demarest, American Telephone & Telegraph Co. 
and C. W. Green, Bell Telephone Laboratories, Inc. 

Efficiency of Antenna Coupling to Power Lines, C. A. Boddie, 
Westinghouse Electric & Mfg. Co. 

Superimposed High-Frequency Currents for Circuit-Breaker 
Control, L. R. Ludwig, Westinghouse Electric & Mfg. Co. 

Extinction of an Alternating-Current Arc, Joseph Slepian, West- 
inghouse Hlectric & Mfg. Co. 


LADIES PROGRAM 


(The ladies are invited to all events of the convention. The 


following features are listed as being of special interest). 


TurESpDAY, JUNE 26 


2:00 p.m. Tea at Cherry Hills Country Club 
8:30 p.m. Lecture on ‘‘Geophysies” by Dr. C. A. Heiland, 
Colorado School of Mines 
9:30 p.m. Reception 
WEDNESDAY, JUNE 27 
11:30 a.m. Bridge and Luncheon 
6:30 p.m. Convention Dinner 
THURSDAY, JUNE 28 
9:00 a.m. Mountain Trip returning about 4.00 p. m. 
8:00 p.m. Theater Party 
Fripay, JUNE 29 
Morning Automobile trip through city and shopping districts 
7:20 p.m. Start of tour to Yellowstone Park, ete. 


Institute Tour to Yellowstone Park 


Widespread interest is being shown in the Institute tour which 
will follow the Summer Convention in Denver. This tour as 
already announced in the JourNnat will have as its main objective 
Yellowstone National Park and the route will pass through 
Colorado Springs and Salt Lake City. 

With New York City as a starting point, the entire trip will 
be made in about eighteen days, including, the time spent in 
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Denver at the Convention. The time required from other 
points will depend, of course, upon their location. The start will 
be made from New York on the afternoon of June 22 and the 
return to New York will be on July 10. 

Members from other sections of the country may meet the 
party at any point along the route including Denver. 

The party will arrive at Denver on Sunday evening, June 24, 
and after the Convention is over, will leave Friday evening, 
June 29, for Colorado Springs, where they will stay at the Broad- 
moor Hotel. 

At Colorado Springs June 30, Pike’s Peak, the Garden of the 
Gods, South Cheyenne Canyon, and Seven Falls will be visited. 
Enroute from Colorado Springs on July 1 will be seen the famous 
Royal Gorge. 

Arriving in Salt Lake City on the morning of July 2, trips will 
be made morning and afternoon, and at noon the organ recital 
in the Mormon Temple will be heard. Among the trips which 
can be taken are those to Saltair Beach, the Bingham Copper 
Mines, and the canyons near the city. 

Leaving Salt Lake City on the evening of July 2, the party 
w'll arrive at the West Yellowstone entrance on the next morning. 

In Yellowstone National Park, four and one-half days will 
be spent enjoying the many wonders of nature which are there. 
Old Faithful and many other geysers, Yellowstone Lake, the 
Grand Canyon and Great Falls of the Yellowstone, Mammoth 
Hot Springs, Shoshone Lake and Dam are the prominent points 
that will be visited. 

Leaving the park by way of the Cody road the party will take 
the train at Cody on the evening of July 7 and will arrive in 
Chicago July 9 and in New York, July 10. 

A most enjoyable feature of this trip will be that all arrange- 
ments for railroad and pullman tickets, hotels, automobile tours, 
baggage transfer, etc., will be made by the travel bureau which 
has been authorized for the trip. 

The cost of the tour, depending on pullman accommodations 
desired, will be as follows, with New York as the starting point. 
Rates from other points will differ according to the location. 


COST OF TOUR STARTING AT NEW YORK 


Onein Onein Two in Two in Three in 
upper lower compartment drawing room drawing room 
berth berth (each person) (each person) (each person) 
$350 $375 $398 $439 $393 


The tour is arranged on the all-expense plan and the cost 
includes round-trip railroad and pullman transportation, side 
trips, accommodations at first class hotels (rooms with bath, 
twin beds) including the Cosmopolitan Hotel, the headquarters 
of the meeting, all meals (except at Denver), transfer of pas- 
sengers and baggage, sight-seeing and touring ears, in fact all 
necessary expenses except meals at Denver, trips in Salt Lake 
City and tips. 

The cost does not include private baths at Yellowstone Park. 
Such accommodations are limited, but private bath aceommoda- 
tions will be secured for members of the party who desire them 
there, at slight additional cost. 


All who are interested in this tour are requested to communi- 
cate with the travel bureau, The Henry Tours, Ince., 565 Fifth 
Avenue, New York, N. Y., which will make arrangements. The 
bureau will give information on all matters. 


New Haven Regional Meeting May 9-12 


The Northeastern District will hold its fifth Regional Meeting 
as already announced in the Journat at New Haven on May 
9-12, with headquarters at the Hotel Taft. 

With exception of one change the program will be as announced 
in the April Journat, page 296. The change referred to is in 
connection with the trip to Hartford where inspection will be 
made of the mercury boiler and turbine installation of the 
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Hartford Electric Light Company and the Hartford Yard of the 
New Haven Railroad. 
This Hartford trip will be made at 8:30 a. m., Friday, May 11, 


simultaneously with the trip to the Rocky River Hydroelectric 
Development. 


Atlanta Regional Meeting October 29-31 


A three-day regional meeting will be held under the direction 
of the Southern District of the Institute in Atlanta, Ga., October 
29-31, with headquarters at the Hotel Biltmore. 

Tentative plans for a program have already been formed by 
the District committee and further announcements will be made 
in future issues of the JouRNAL. 


Pacific Coast Convention in Spokane 
August 28-31 


The program is being completed for the 1928 Pacific Coast 
Convention which will be held in Spokane, Wash., August 28-31. 

Among the subjects for the proposed technical papers will be 
transmission studies, including lightning phenomena, corona, 
and swinging of conductors; carrier-current relaying and com- 
munication; automatic stations; vacuum-tube applications; 
telephony, railway electrification, automatic train control, 
electrometallurgy of zine, ete. 

Details will be published in later issues of the JouRNAL. 


Illuminating Engineers and New York 
Section to Hold Joint Session 


On the evening of Friday, May 18th at 8.15 p.m. the New 
York Section of the A. I. E. E. and the Illuminating Engineering 
Society will hold a joint meeting in the Engineering Auditorium, 
33 West 39th St., New York, N. Y. Two papers will be pre- 
sented, as follows: ‘‘Gas-Filled Thermioniec Tubes,” by Dr. 
Albert W. Hull, of the General Electrie Company and ‘Hot 
Cathode Neon Ares’? by Clifton G. Found, General Electric 
Company and J. D. Forney of the Cooper Hewitt Electric 
Company. Dr. Hull’s paper will deal with cathode disentegra- 
tion voltage, rectifiers, hot cathode lamps and thyrathrons. In 
their discussion of the neon discharge tube, Messrs. Found and 
Forney will describe its construction, electrical characteristics, 
luminous characteristics, design for a-c. and d-c. operation and 
its uses. It is expected that the talks will be accompanied by 
interesting exhibits and demonstrations. 


World Engineering Congress, Tokio, 1929 


Dr. Elmer A. Sperry, chairman of the American Committee 
of the World Engineering Congress to be held in Tokio, has 
announced the names of members of the various committees 
eharged with carrying out plans for the undertaking. The 
Congress, which will be attended by engineers and scientists 
from all parts of the world, will convene in October of next 
year and the committees appointed will arrange for attendance 
and participation of American engineers at the Congress, which 
will be the first ever held. 

The Committees follow: 

Executive Committee: John W. Lieb, Chairman; Gano Dunn, 
George W. Fuller, Maurice Holland, Dugald C. Jackson, Frank 
B. Jewett, J. H. McGraw, O. C. Merrill, Charles F. Scott, 
Elmer A. Sperry, W. E. Wickenden and Calvin W. Rice. 

Finance Committee: John W. Lieb, Chairman; Edward Dean 
Adams, W. W. Atterbury, W. L. Batt, Howard Coffin, E. M. 
Herr, Charles H. Herty, John Hays Hammond, William C. 
Potter, Charles M. Schwab, Alfred P. Sloan, Gerard Swope and 
Samuel M. Vauclain. 

Technical Program Committee: Dugald C. Jackson, Chair- 
man; H. Foster Bain, W. F. Durand, J. R. Freeman, Bancroft 
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Gherardi, Allen Hazen, George W. Fuller, F. L. Hutchinson, 
Edgar Jadwin, A. E. Kennelly, Dexter S. Kimball, Arthur D. 
Little, Calvin W. Rice, F. R. Low, Michael I. Pupin, George T. 
Seabury, George Otis Smith, W. E. Wickenden and O. C. 
Merrill. 

Transportation Committee: Frank B. Jewett, Chairman; 
C. O. Chesney, J. V. Davies, Howard Elliott, Maurice Holland, 
C. A. McAllister and H. H. Westinghouse. 

Entertainment Committee: O. C. Merrill, Chairman; F. L. 
Hutchinson, Vice Chairman; Bancroft Gherardi, F. R. Low, 
J. V. W. Reynders, C. O. Mailloux and A. W. Berresford, of 
New York; Edgar Jadwin, John Halligan and John Hays 
Hammond of Washington; S. W. Stratton, Dugald C. Jackson, 
Arthur D. Little and A. E. Kennelly of Boston; C. F. Kettering 
of Detroit; E. M. Herr and L. A. Osborne of Pittsburgh; E. W. 
Rice, Jr., of Schenectady; Ambrose Swasey of Cleveland; 
Samuel M. Vauclain of Philadelphia; Charles A. Pratt of Chi- 
cago; W. F. Durand, C. E. Grunsky and Charles D. Marx of the 
Pacifie Coast. 

Publicity Committee: J. H. McGraw, Chairman, Charles H. 
Herty, Raymond C. Mayer, Calvin W. Rice, E. T. Mehren and 
Edward A. Simmons. 

Promotion and Attendance Committee: George W. Fuller, 
Chairman; Edward Dean Adams, W. W. Atterbury, J. J. Carty, 
C. C. Chesney, Howard E. Coffin, Gano Dunn, John R. Freeman, 
George W. Fuller; Bancroft Gherardi, John Hays Hammond, 
Charles H. Herty, Samuel Insull, Arthur D. Little, William B. 
Mayo, Charles D. Marx, William Barclay Parsons, William C. 
Potter, E. Wilbur Rice, Jr., Charles M. Schwab, George Otis 
Smith, John F. Stevens, S. W. Stratton, Ambrose Swasey, 
Gerard Swope, Samuel M. Vauclain, H. H. Westinghouse and 
William EK. Wickenden. 


Radio Engineers Extend Invitation 


At the June 6th meeting of the Institute of Radio Engineers 
to be held in the auditorium of the Engineering Societies Building, 
33 West 39th Street, New York, two papers dealing with aircraft 
radio are to be presented. The first, by Dr. J. H. Dellinger 
and Mr. Haraden Pratt of the Bureau of Standards is entitled, 
“Development of Radio Aids to Air Navigation.”’ The second 
paper will be presented by Mr. M. P. Hanson of the U. S. Naval 
Research Laboratory. It will be entitled, ‘‘Aireraft Radio 
Installations’”” and will be a description of various past and 
existing types of naval radio aircraft equipment. 

Members of the American Institute of Electrical Engineers 
are especially invited to attend this meeting. 


International Ulumination Congress 


Reports are being prepared for presentation at the Inter- 
national Illumination Congress, to be held in September at 
Saranac Inn., N. Y., when a new realization of the importance 
of proper illumination in all its aspects will be given to the 
people of the United States by the foremost lighting engineers 
of the world. On all the important branches of lighting, in- 
vestigation is going forward, and among the subjects to be dis- 
cussed are: Lighting for aviation, street and highway lighting, 
store and window lighting as an aid to retail selling, factory, 
library, hospital and public building illumination and flood- 
lighting. 

Not only will the laboratory and commercial practise in these 
subjects be reviewed and plans made for further work, but the 
foreign delegation will see much of American illumination 
practise. A tour which is being planned to take in a number of 
American cities in the eastern half of the United States will 
provide for inspection of important installations of all kinds. 

Canada also is planning to welcome the delegation, with 
Niagara Falls and Toronto in its itinerary. Professor G. R. 
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Anderson of the University of Toronto, is preparing for the 
reception in his country. 

Preparations are under the auspices of the Illuminating 
Engineering Society, of which Norman Macbeth, of New York, 
is President, and the U. S. National Committee of the Inter- 
national Commission on Illumination, headed by Dr. Clayton H. 
Sharp, of New York. The Executive Committee in charge of 
arrangements is proceeding under the direction of Julius Daniels 
of the Edison Electric Illuminating Company of Boston. 


400 Attend Baltimore Regional Meeting 


The Regional Meeting held in Baltimore, April 17-20, with 
headquarters at the Hotel Belvedere was marked by an atten- 
dance of four hundred, excellent discussion of the technical 
papers and splendid social and inspection features. 

A digest of the discussion at the technical sessions will be 
published in the June issue of the JouRNAL. 

A feature of interest was the lecture on the evening of April 17 
by Dr. R. W. Wood of Johns Hopkins University, entitled 
“Sounds That Burn.” 

Following the lecture two District Prizes for papers were 
presented by J. L. Beaver, vice-president in the Middle Eastern 
District. The prizes were for the best paper and for the best 
initial paper, and both were presented to Sigmund K. Waldorf 
for his paper, An Amplifier to Adapt the Oscillograph to Low- 
Current Investigations. 

Two interesting inspection trips were held, one to the Gould 
Street Generating Station of the Consolidated Gas, Electric Light 
& Power Company, and the other to the Conowingo Hydro- 
electric Development of the Philadelphia Electric Company. 
The latter was an all-day trip on April 20 and was taken by about 
150 members and guests. 

A dinner-dance was held on the evening of April 18. During 
the dinner, President Bancroft Gherardi gave a short talk and an 
address was made by H. A. Wagner, president of the Consoli- 
dated Gas, Electric Light & Power Company. 

A meeting of Counselors and Chairmen of the Branches in the 
District was held on the evening of April 19. 


Two New Standards Available 

AUTOMATIC STATIONS AND MATHEMATICAL SYMBOLS 

Standards for Automatic Stations, No. 26in the series of Insti- 
tute Standards isnow availablein pamphlet form. This Stand- 
ard was developed by the Technical Committee on Automatic 
Stations under the chairmanship of Chester Lichtenberg. It was 
approved asanA. I. E. KE. Standard by the Board of Directors 
at their meeting of April 6, 1928. The standards apply to the 
following types of automatic power switching equipment: 
automatic machine equipment, automatic transformer equip- 
ment, automatic feeder equipment, automatic throw-over 
equipment, remote control equipment, suspervisory equipment, 
remote metering equipment, load limiting and load indicating 
resistors. Cost of the pamphlet is 30 cents with 50 per cent 
discount to members. 

Standards for Mathematical Symbols, No. 17f, was developed 
by the Sectional Committee procedure of the American Engi- 
neering Standards Committee and under the joint sponsorship of 
the American Association for the Advancement of Science, 
the American Society of Civil Engineers, the American Society 
of Mechanical Engineers, the Society for the Promotion of 
Engineering Education and the A. I. E. E. It represents the 
results of the work of one of the subcommittees of the Sectional 
Committee on Scientific and Engineering Symbols and Abbre- 
viations, which is under the chairmanship of Dr. J. Franklin 
Meyer of the Bureau of Standards. It was approved by the 
Board of Directors of the Institute on June 23, 1927 and became 
an American Standard in January 1928. The other divisions of 
the Sectional Committee work will, it is hoped, shortly also 
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become available. Mathematical symbols cover the following 
subjects; arithmetic and algebra, elementary geometry, analytic 
geometry, triogonometric and hyperbolic functions, calculus, 
special functions, vector analysis, ete. The pamphlet cost is 30: 
cents with 50 per cent discount to members. Address A. I. H. E. 
Headquarters, 33 West 39th Street, New York, N. Y. 


A. I. E. E. Directors’ Meeting 


The regular meeting of the Board of Directors of the American 
Institute of Electrical Engineers was held at Institute head- 
quarters, New York, on Friday, April 6, 1928. 

There were present: President Bancroft Gherardi, New York, 
N. Y. Vice-Presidents H. M. Hobart, Schenectady, N. Y., 
G. L. Knight, Brooklyn, N. Y., J. L. Beaver, Bethlehem, Pa., 
A. B. Cooper, Toronto, Ont.; Managers J. B. Whitehead, 


‘Baltimore, Md., E. B. Merriam. Schenectady, N. Y., M. M. 


Fowler, Chicago, Ill., F. C. Hanker, East Pittsburgh 
E. B. Meyer, Newark N. J.; National Secretary 
Hutchinson, New York, N. Y. 

The minutes of the Directors’ meeting of February 16, 1928, 
were approved. 

Reports were presented of meetings of the Board of Examiners. 
held March 21 and April 4. Upon the recommendation of the 
Board of Examiners, the following actions were taken: 54 
Students were enrolled; 179 applicants were elected to the grade 
of Associate, 1 applicant was elected to the grade of Member; 
25 applicants were transferred to the grade of Member; 1 appli- 
cant was transferred to the grade of Fellow 

Approval by the Finance Committee for payment, of monthly 
bills amounting to $38,316.77, was ratified. 

Voted to join with other American national engineering 
societies in contributing the sum of $100 each to the Association 
of American Engineers in Franee, to assist the Association in 
becoming established. 

Upon the recommendation of the Publication Committee, the 
following amended by-law (Sec. 96) was adopted: 
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“Section 96. The National Secretary is authorized to receive 
from non-members annual subscriptions to the quarterly TRANsS- 
ACTIONS, in pamphlet binding, at ten dollars ($10.00) per year, 
a discount of 50% to be allowed to college and public reference 
libraries and 20% to publishers and subscription agents. Mem- 
bers of the Institute may subscribe to the quarterly TrRans- 
ACTIONS, in pamphlet binding, at five dollars ($5.00) per year, of 
which three dollars ($3.00) shall be deducted from the sub- 
seriber’s annual dues and two dollars ($2.00) paid directly by 
the member. The price of single copies shall be two dollars and 
fifty cents ($2.50) to non-members, with the usual discounts, 
and one dollar and twenty-five cents ($1.25) to members. 

“Orders for the quarterly TrRANsactions, in cloth binding, 
may be accepted from non-members at a price of twelve dollars 
($12.00) per year with a discount of 50% to college and public 
reference libraries and 20% to publishers and subscription agents. 
Orders may be accepted from members at seven dollars ($7.00) 
per year, of which four dollars ($4.00) shall be paid directly by 
the subscriber and the balance of three dollars ($3.00) deducted 
from his annual membership dues. Single copies shall be sold 
to non-members at three dollars ($3.00) per copy, and to members 
at two dollars ($2.00) per copy. 

“Back volumes of the quarterly Transactions may be 
sold to members and non-members at the subscription prices 
previously quoted for the current edition. Back volumes of 
the Transactions published in annual form prior to 1928 may 
be obtained by non-members at ten dollars ($10.00) per year or 
at such lower prices as may be authorized by the Board of Di- 
rectors, with the usual discounts. Members of the Institute 
may obtain copies of the back volumes issued in annual form at 
the members’ subscription price, or at a discount of 50% from 
the non-member price for volumes published prior to 1921.” 


Authorization was given for the establishment of Student 
Branches of the Institute at the University of Louisville and the 
University of Vermont. 

Ratified the appointment by the President of the following 
Committee of Tellers to canvass and report upon the votes cast 
for the election of officers and- constitutional amendments: 
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Messrs. R. R. Kime, Chairman, W. E. Coover, E. E. Dorting, 
W.S. Hill, D. B. Perry, H. O. Siegmund, and John T. Wells. 

Professor Charles F. Scott was reappointed as an Institute 
representative upon the Commission of Washington Award, for 
the two-year term commencing June 1, 1928. : 

Upon the recommendation of the Standards Committee, 
Standards for Automatic Stations (No. 26) were approved as 
A. I. E. E. Standard. 

The official invitation to this Institute, from The Kogakkai, 
of Japan, transmitted through the Department of State, to 
participate in the World Engineering Congress, Tokio, Japan, 
October 1929, was presented, and the following resolution was 
adopted: 

Wuereas, the American Institute of Electrical Engineers has 
received from the Department of State of the United States of 
America, an invitation to participate in a World Engineering 
Congress to be held in Tokio, Japan, in October 1929. 

Resotvep: That this organization is pleased that a World 
Engineering Congress is to be held in 1929 and considers it most 
appropriate and satisfactory that the Congress is to be held in 
Tokio, Japan, under the auspices of The Kogakkai; and 

ResoLvepD Furtser: That the American Institute of Electrical 
Engineers accepts with pleasure the invitation to take part in 


this Congress and will heartily cooperate through the American 
Committee toward making the Congress a success. 


Other matters of importance. were discussed, reference to 
which may be found in this and future issues of the JouRNAL. 


Engineers’ Memorial at Louvain 


Louvain’s new library and the memorial carillon and clock in 
its tower are progressing satisfactorily. There is yet time, 
however, before dedication on the 4th of July for thousands more 
of American engineers to have shares in this tribute to those who 
gave their lives in the Great War. A larger number of partici- 
pants is desired to make our memorial more fully an expression 
of goodwill to our friends in Europe from the whole membership 
of the engineering societies of the United States. 

The Committee presents an accounting to show this need for 
action by a much greater proportion of the 75,000 or more engi- 
neers in our societies. 


Coniributorsito the fundito 10th Aprilssas see 6 neste eee eee 2659 
Of the 75,000 eligibles, the contributors are only.......... 34% 
MundsicontabmteditonOth Aprile. ce eee nee oe $62,112. 


Besides this sum, there have been gifts of materials and 
services. For the expenses for raising the fund, separate pro- 
vision has been made. 


Oblications total. approxamately-arcce. a. nce se ae ee $83,000 
Contracts for clock and earillon, about......... $71,200 
Perpevualamaimbienance tundeh .cne > ser ates ora 10,000 
Tablets, memorial volumes and other minor 

ILOLIS NAD OLL LM ees Set eae athe. Ree ake 1,800 
Excess of obligations over contributions to date........ $21,000 
Payments already made on obligations..... CO Aree es $30,000 


Other payments will be due soon and the final payments in 
August. 
Contributions should be sent to United Engineering Society, 
29 West 39th Street, New York, at your early convenience. 
EDWARD DEAN ADAMS, Chairman 


New York Electrical Society to Visit East 


River Generating Station 


At 12-30 p. m. on Saturday, May 12, the New York Electrical 
Society will be the guests of the New York Edison Company in an 
inspection of their new East River Generating Station. A 
buffet lunch will be served to the members and their friends 
attending. Participation in this trip will be by ticket only. 
For further details communicate with H. EH. Farrer, Secretary 
New York Electrical Society, 29 West 39th Street, New York, 
INES 
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E. J. Prindle Addresses Law Association 


At the Waldorf-Astoria Hotel, February 9, 1928 before 24 
Federal judges and 600 patent lawyers and their guests, Mr. EH. J. 
Prindle, President of the New York Patent Law Association, 
delivered an address on ‘‘The Marvelous Performance of the 
American Patent System,’’ in which he briefs the many achieve- 
ments of American inventions and work of the United States 
Patent Office, in view of which Mr. Prindle states that ‘‘the 
dreams which once seemed beyond belief pales in the light of 
actual accomplishment.’’ Continuing, Mr. Prindle cited the 
fact that from 1880 to 1890 inventions of first importance 
produced by American inventors were too numerous to enumer- 
ate. Including the Westinghouse quick-acting air brake 
the Janney car coupler; the transparent photographic film— 
forerunner of motion pictures; the recording adding machine; 
the linotype and various other type-setting machines; the 
half-tone process; the Tesla split-phase induction motor; 
the incandescent lamp; the transformer; steam turbine; electric 


furnace; polyphase electric motor; the cash register; the trolley 


ear; and electric welding. Two-thirds of all inventions of 
primary importance registered since the establishment of the 
Patent System have been of American production, and the 
American Patent System, Mr. Prindle believes, is the most 
marvelously effective economic instrument ever devised by man. 


Because that instrumentality has produced such remarkable 
results, it should be guarded from any experiment with changes in 
principles and attempts to improve it should be confined to 
matters which make for simplification of procedure. 


A New College of Engineering 


Because of the demand for engineering education and the 
need of industries in southern California for centralized and 
adequately-equipped engineering laboratories the board of 
trustees of the University of Southern California has authorized 
the creation of a college of Engineering, of which Philip S. 
Biegler, professor of electrical engineering at the University for 
the past five years, has been appointed acting dean by President 
Rufus B. von KleinSmid. 

The new college, which will open September 1928, will be 
made up of five major divisions with separate chairmen as 
follows: Chemical Engineering, Professor Wilfred W. Scott; 
Civil Engineering, Professor Robert M. Fox; Electrical Engi- 
neering, Professor Philip S. Biegler; Mechanical Engineering, 
Professor Thomas T. Eyre; Petroleum Engineering, Professor 
Allan H. Sedgwick. 


In addition to the four-year courses leading to a B. S. degree 
in any of the divisions of engineering, and a Master’s degree for 
eraduate work, a degree of C. E. has been established for dis- 
tinction in the practise of engineering. 

Professor Biegler, came to Southern California five years ago 
after 13 years of teaching at the Universities of Iowa, Illinois, 
Purdue, and Washington State College, and a number of years 
with the Commonwealth Edison Company in Chicago and 
and the Washington Water Power Company of Spokane in an 
Engineering capacity. From 1918 to 1921 he was associate 
engineering editor of Electrical World. He has written exten- 
sively on educational problems and engineering subjects; is a 
Member of the Institute since 1913; past chairman of the 
Urbana Section; present chairman of the Committee on Student 
Activities of the Pacific District and a member of the Executive 
Committee of the Los Angeles Section. He is also a member of 
the Society for the Promotion of Engineering Education, the 
American Association of University Professors and the Engi- 
neers’ Club of Los Angeles. He is a graduate of the University 
of Wisconsin with the degree of B. S. in E. E. (1905),and HE. H. 
(1915), and M.S. in E. KE. by the University of Illinois (1916.) 
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Engineers Public Works Bill Hearings 
Started 


The Wyant Public Works Bill, H. R. 8127, is the subject of 
hearings started before the House Committee on Expenditures 
in the Executive Departments on April 4. 

Congressman Wyant opened the hearing with a strong state- 
ment in behalf of the measure. He was followed by Judge 
Finney, Assistant Secretary of the Department of the Interior, 
and Dr. George Otis Smith, Director of the Geological Survey 
both of whom favor the reorganization plan proposed in the bill. 

On the second day of the hearing, President Berresford, of 
American Engineering Council, gave a summary of the work that 
has been done in behalf of the measure, especially referring to the 
practically unanimous sentiment in favor of the bill, by organ- 
ized engineers. He was followed by EK. O. Griffenhagen, promi- 
nent organization expert, member of American Society of Me- 
chanical Engineers, and member of American Engineering 
Council’s Committee on Reorganization of the Executive 
Departments, who explained in some detail, the desirability and 
feasibility of coordinating the engineering functions of the 
Federal Government. General R. C. Marshall, Manager of the 
Associated General Contractors of America, followed with a 
statement that the contractural relations of the Federal Govern- 
ment would be greatly improved by the concentration of this 
work. 

On the following day other prominent contractors such as, 
John W. Cowper of Buffalo, and Colonel D. H. Sawyer of 
Washington, testified in behalf of the measure. Dr. Elwood 
Mead, Director of Reclamation, and Farley Osgood followed, 
concluding the argument in behalf of the measure, making 
especially strong argumentforit. Mr. Osgoodreferred especially 
to the analogous situation in industry where great industrial 
plants found it necessary to have a coordinated engineering 
division. 

The opposition headed by the representatives of the Corps of 
Engineers, U. S. Army, will consume several days in presenting 
its testimony. This will be followed by rebuttal testimony from 
the engineers. 


The Montefiore Prize 


The Montefiore Electrotechnical Institute of Liége. Belgium, 
is announcing the conditions of the George Montefiore Prize, 
which will be awarded in 1929. 

The prize, which consists of the interest on 150,000 Belgian 
franes at three per cent, is given triennially in international 
competition for the best original work presented on scientific 
advancement and on progress in the technical applications of 
electricity in all fields. Only works presented during the three 
years preceding the award will be considered. They may be 
submitted in English, in printed or manuscript (typewritten) 
form. The Director of the Montefiore Electrotechnical Insti- 
tute presides over the jury, which is composed of five Belgian 
and five foreign electrical engineers. 


Report of Boulder Dam Bills 


The Senate and House Committees have submitted reports on 
the Swing-Johnson Boulder Dam Bills. 


The majority reports favoring the measure were submitted in - 


the Senate by Senator Johnson of California and in the House, 
by Congressman Swing of California. 

Three minority reports have so far been submitted. The first 
was by Congressman Douglas, an engineer from Arizona. His 
opposition is “based upon a matter of principle and upon the 
unsound economic nature of this measure.” 

Following this report, Congressman Leatherwood submitted a 
detailed report in which he states that it is “‘a scheme to secure 
construction by Federal Government of a power project under 
the guise of flood control and irrigation.” 
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The minority report submitted by Senator Ashurst opposes 
the bill on the ground that it invades state rights in an uncon- 
stitutional manner, which he warns, will cause expensive and 
protracted litigation. Opposition to the Boulder Dam project 
is declared also by a special committee appointed by the Ameri- 
can Engineering Council to examine the question from an engi- 
neering standpoint. The committee, of which Francis Lee 
Stuart of New York is chairman, says in its report: 

“Your committee is unanimously agreed that the information 
set forth in the reports which have been submitted to us is not. 
conclusive as to the engineering feasibility of the plan outlined 
in the Swing-Johnson bill and that before either the Govern- 
ment or private capital would be justified on engineering or 
economic grounds in committing themselves to the expenditure 
involved, the development of the river for the purpose in view 
should be further and most thoroughly investigated to deter- 
mine how the results which it seeks to accomplish can be secured 
with a reasonable assurance of success.” 

Other members of the Council’s committee are Allen Hazen, 
Clemens Herschel, J. Waldo Smith, and Lewis Buckley Stillwell. 


Engineering Rise in Radio 

The above is the title of a serial account of the rise and progress 
of radio from the engineering and invention points of. view, 
which has been written by Donald MeNicol, past-president. 
of the Institute of Radio Engineers and Fellow of the Institute. 
The story begins in the June 1928 issue of the magazine Radio 
Engineering, and will be continued inthe monthly issues through- 
out the year. 


Fellowships and Scholarships in Electrical 
Engineering at North Carolina State College 


The North Carolina State College of Agriculture and Engineer- 
ing announces the following fellowships and scholarships: 

One half-time teaching fellowship in electrical engineering 
paying $750 for a period of ten months, with the possibility of 
re-appointment for the second year, at the end of which time 
the requirements for the Master’s degree should be completed. 

Hight $450 fellowships and six $225 scholarships, of which 
probably not more than two will be in electrical engineering. 

Further information may be secured from Professor C. W. 
Ricker, Department of Electrical Engineering, State College 
Station, Raleigh, N. C. 


Chicago Office of Employment Service to 
Have New Quarters 


The Chicago office of the Engineering Societies Employment. 
Service, which is operated under the direction of the national 
societies of Civil, Mining, Mechanical, and Electrical Engineers, 
and the Western Society of Engineers, will be located in the new 
Engineering Building, 205 West Wacker Drive, after May 1, 1928. 

Information concerning the three offices of the Service may be 
found under the heading ‘‘Engineering Societies Employment 
Service”’ in each issue of the JouRNAL. 
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AuBert J. Prue, formerly of Wilmington, Del., is now associ-— 
ated with the Ford Instrument Co., Long Island City, N.-Y., as 
technical writer. 

K. A. Broros, European commercial manager of the Inter- 
national Standard Electric Corporation has been made vice- 
president of the Corporation with headquarters in London, 
England. 

Henry W. Repine has been appointed textile engineer of 
the Westinghouse Elec. & Mfg. Co., in charge of the company’s 
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activities at Hast Pittsburgh and will be responsible for the appli- 
cation and success of the textile equipment of Westinghouse 
eustomers there. 


J. P. Purnam, formerly employed as engineer in the Radio 
Dept. of the Martin Copeland Company, Providence, R. I., for 
radio research and development, is now employed as engineer of 
the National Company, Malden, Mass., doing similar work. 


Rosert J. Deneen and Freprric Arrwoop were elected 
vice-presidents of the Ohio Brass Company at a meeting of the 
Board of Directors held February 3, 1928. Mr. Deneen is in 
charge of the company’s sales activities in the Chicago district, 
while Mr. Attwood is in New York in charge of the eas ern sales 
district. 


Gxrorce B. Trier has joined the organization of Glidden, 
Morris and Company, Investment Bankers, New York City. 
For many years Mr. Tripp has been engaged in the executive 
management and operations of various public utility properties 
in this country, and was formerly vice-president of the United 
Gas & Electric Engineering Corporation, more recently he has 
been in charge of the operations of the Huntington Development 
and Gas Company, a subsidiary of the Columbia Gas and Elec- 
trie Corporation, at Huntington, West Virginia. 


Obituary 


Harry G. Hopkins, of Norwood, Ohio, who joined the 
Institute May 1918, died March 27 1928. Mr. Hopkins was 
born at Brocton, New York, the 7th day of September 1884. 
He attended the local High School and then entered Syracuse 
University, graduating with the class of 1909. It was here he 
obtained his E. E. degree. During High School and College 
vacations he was obtaining practical knowledge by work with 
Portland Telephone Co., Brocton, N. Y., the Brocton Fire 
Alarm in design and construction work and the Crandall Panel 
Co. on shop and inspection work. He was also doing house and 
store wiring on his own responsibility. Immediately after 
finishing his college course, he apprenticed himself to the West- 
inghouse Electric & Mfg. Co., for five months doing shop work, 
spending three months in the Testing Department, 13 months in 
the Engineering Dept. and three months in the Detail and 
Supply Dept., where his work was the drawing up of switchboard 
specifications with detail relative thereto. In 1911 he was 
transferred to the Cincinnati Office on like work, but in 1914 he 
left the Westinghouse Company to identify himself with Albert 
Emanuel Co., of Dayton, Ohio, where his work was general 
engineering on electric railways and ice plants, investigating the 
reporting on public utilities properties as to the desirability of 
purchase, the appraisal of electric properties and assisting in 
obtaining securities. In April 1916, however, he returned to the 
Westinghouse Company, Hast Pittsburgh, as a specialist on 
lightning protection apparatus, miscellaneous fuses, switches, 
carbon and oil circuit breakers and their application. For the 
past several years, Mr. Hopkins has been electrical engineer at the 
Edgar Thompson Works of the Carnegie Steel Co., Swissvale, 
Pa. This was his connection at the time of his death. 

James J. Wood, engineer and inventor, consulting engineer 
at the Ft. Wayne Works of the General Electric Company and 
Fellow of the Institute since 1918, died April 20, at Ashville, 
N.C. Mr. Wood was born at Kinsale, County Cork, Ireland, 
but came to the United States at an early age and attended the 
public schools at Branford, Conn. In 1878 he was graduated 
from the night school of the Brooklyn Polytechnic Institute and 
twelve years later had achieved the factory managership and 
position of chief engineer of the Fort Wayne Works of the 
General Electric Company. Mr. Wood had 240 patents to his 
credit for electrical and mechanical inventions including lighting 
systems, machines, lamps cutouts, switchboards, suspensions 
and hoods. It was he who engineered the first electric flood- 
lighting of the Statue of Liberty, in 1885; from 1900 to 1918, he 
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was occupied with the development of d-c. generators and motors, 
a-c. generators, transformers, meters, reactance regulators for 
series a-c. lamps, enclosed a-c. lamps, magnetite lamps, single- 
phase a-c. motors, circuit breakers and numerous small motor 
applications, such as vibrator, utility motors and series con- 
tactors. He was concerned in the manufacture of the Brayton 
oil engine installed in the first Holland submarine, built the 
first lamps for Sir Hiram Maxim and machines for constructing 
the main cables used on the original Brooklyn Bridge. 


W. F. M. Goss, retired educator, past president of the Ameri- 
can Society of Mechanical Engineers and an Associate of the 
Institute since 1908 died March 23, 1928. Doctor Goss was 
born at Barnstable, Mass., October 7, 1859. Upon the comple- 
tion of a two years’ course at Purdue, he was appointed instruc- 
tor in practical mechanics and at once began the work of estab- 
lishing shop laboratories. His first class was one of five stu- 


‘dents, but the work broadened rapidly, the equipment was 


increased, the students becoming so numerous that new labora- 
tories must be built. In 1883 he became professor of practical 
mechanics, a title which he held for seven years. So successful 
was his work that the cities of Chicago, Toledo, Louisville and 
Indianapolis in turn sought the aid of the Purdue laboratories, 
(to which many a distinguished visitor came,) to help them estab- 
lish their own manual training schools. Much of the equip- 
ment was made at the University of Purdue and supplied 
complete to these other school boards. In 1889 Dr. Goss 
obtained leave of absence and took up his residence in Boston. 
Some work was done by him at the Massachusetts Institute of 
Technology, but in 1890 he was appointed Professor of Experi- 
mental Engineering at Purdue. Having developed laboratories 
for elementary engineering training, it was now his work to 
build for more advanced engineering work. Plans for an exten- 
sive laboratory were developed and by the fall of 1891 a portion 
of the building was constructed. In 1899 he was granted a 
year’s leave of absence which he spent in study and travel 
abroad. Upon his return he was appointed Dean of the School of 
Engineering, Purdue. After 28 years of faithful service he 
resigned his position at Purdue to take up what seemed to him a 


larger field as Dean of the College of Engineering of the University 


of Illinois. Dr. Goss retired from active business in 1925 and 
returned to Barnstable, the place of his birth. He held an 
M. A. from Wabash college; an honorary degree of Doctor of 
Engineering from University of Illinois; was a member of the 
American Society for Testing Materials, the Society for the 
Promotion of Engineering Education, the Executive Committee 
of the National Advisory Board, the Master Car Builders’ 
Association, the Illinois Academy of Science and the Western 
Society of Engineers. He was a Fellow of the American Society 
of Advancement of Science, a member of the Railroad Club of 
New York, past-president of the Western Railway Club and was 
chairman of the Advisory Committee organized by the Pennsyl- 
vania Railway Company. 

T. A. Wilkinson, Electrical Engineer, New England Public 
Service Co., Augusta, Me., died Monday, April 2, at the age of 
53. Mr. Wilkinson was a Fellow in Electrical Engineering, 
School of Practical Science, Toronto University, and had done 
much in the practical engineering field as assistant electrical 
engineer of the Pittsburgh Reduction Co., assistant and then 
head of the statistical department Westinghouse Church Kerr & 
Co. General manager and electrical engineer of the Electro 
Tin Products, Ltd., engineer, railway department, the Hydro- 
Electric Power Commission of Ontario, assistant electrical engi- 
neer of the Public Utilities Commission, London, Ontario, 
Canada and special engineering work on transmission and 
distribution for the Westinghouse Electric & Mfg. Co. Mr. 
Wilkinson was a Canadian by birth. He became an Associate 
of the Institute in 1926. 


Howard Ford Thurber, former president and chairman of the 
Board of Directors of the New York Telephone Company, died 
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at his home in this city April 22, 1928. “Mr. Thurber was born 
in Brooklyn August 6, 1869, and was educated at the Brooklyn 
Polytechnic Institute. He obtained an M.E. degree from 
Cornell University in 1890 and that same year became assistant 
engineer of the Metropolitan Telephone & Telegraph Company, 
from which position he rapidly advanced to that of assistant 
chief engineer in 1893 and general superintendent the following 
year. In 1906 he was chosen general manager of the New York 
Telephone Company and here again he went ahead with rapid 
progress from vice-president to president and director. Mr. 
Thurber was active in many other companies’ interests, as 
vice-president of the Eastern Group of Telephone Companies, 
president and director of the New York Telephone Realty 
Corporation and the Empire City Subway Company; director 
of the Bell Telephone Company of Pa. and associated companies; 
the Chesapeake Telephone Company and associated companies; 
the Mountain Home Telephone Company, the Holmes Electric 
Protective Co., and the Friendship Telephone Company. He 
was also a member of the Metropolitan Museum of Art, the 
Merchants Association of New York, the New York State Cham- 
ber of Commerce, the University Club, the St. Maurice Fish and 
Game Club and the Railroad Club of New York. Mr. Thurber 
joined the Institute in 1896. 
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A. L. Broomall, aged 44 years, manager of the Renewal 
Parts Engineering Department of the Westinghouse Electric & 
Manufacturing Company, died Tuesday morning, April 10, in 
his home, 814 Mifflin Avenue, Wilkinsburg, of pneumonia. Mr. 
Broomall was born June 27, 1884, in Lenni, Delaware County, 
Penn., and was educated at the Westchester State Normal 
School and Lehigh University, graduating from the latter 
institution in 1906 with the degree of Bachelor of Science in 
Electrical Engineering. Immediately thereafter he entered the 
graduate students’ course of the Westinghouse Company, where 
he continued work until his death. 

His advancement as an engineer was rapid. His first impor- 
tant work was on the installation of the first electric locomotives 
on the New York, New Haven and Hartford Railroad. From 
1911 to 1915 he had charge of the design of electrical vehical 
motors; he was appointed section head of the d-c. motor section 
in 1915, and in 1922 he was transferred to the renewal parts engi- 
neering department as engineer-in-charge, later becoming mana- 
ger of the department, which was the position he held at his death, 

He was a member of Beta Lodge, F. and A. M., Wilkinsburg, 
and the American Electric Railway Association. Mr. Broomall 
joined the Institute in 1909 as an Associate but advanced to the 
full grade of Member in 1913. 
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Future Section Meetings 


Cleveland 
Annual Meeting. ‘Speaker: Pres. Bancroft Gherardi, Vice- 
_ President and Chief Engr., American Tel. & Tel. Co. (National 
President, A. J. E. E.) May 24. 
Columbus 
Household Electrical Engineering, by G. W. Alder, Consulting 
Engineer, Good Housekeeping Institute. Annual Meeting. 
Election of officers. Ladies are invited to this meeting, which 
will be preceded by a dinner. May 25. 
Erie 
Modern Reproduction Of Sound, by L. T. Robinson, General 
Engineering Laboratory, General Electric Co. May 15. 
New York 
May 18. 
Niagara Frontier 
Electrification of the Cement Industry, by J. A. Zook, Chief 
Ener., Great Lakes Portland Cement Co. of Buffalo. May 18. 
Pittsburgh 
Household Electrical Engineering, by G. W. Alder, Consulting 
Ener., Good Housekeeping Institute. Dinner Meeting, to 
which the ladies are invited. May 8. 
St. Louis 
Influence of Iron Saturation on the Operation Characteristics of 
Transformers, by H. Weicshel, Wagner Electric Corp. May 16. 


Illumination Session. 


Sharon 
Banquet Meeting. ‘‘The Psychology 
Charles Milton Newcomb. June 5. 
Vancouver 
Annual Meeting and Dinner. June 5. 


of Laughter,” by 


RECENT DEVELOPMENTS IN THE DIAL SYSTEM OUTLINED 
TO NEW YORK SECTION 


OFFICERS FOR 1928-29 ANNOUNCED 
‘On Thursday, April 19th, the New York Section of the Institute 
held its third annual Student Convention and regular monthly 
Section meeting. The Student Convention is outlined in detail 
elsewhere in this issue. The Section meeting, held at 8:15 p. m. 
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in the Engineering Auditorium was devoted to a talk on ‘“‘Some 
Recent Developments in Dial Systems,’”’ by W. E. Farnham and 
H. M. Bascom of the A. T. & T. Co. Due to the sudden illness 
of Mr. Farnham, the talk was given by W. D. Sargent also of the 
A. T. & T. Mr. Sargent’s talk was profusely illustrated by 
lantern slides and moving pictures. An introductory talk was 
given by K. W. Waterson, asst. vice-president of the A. T. & T. 
Co. 

The announcement of the election of Section officers for 1928- 
1929 was made by Chairman L. W. W. Morrow, as follows: 
R. H. Tapscott, Chairman; H. 8. Sheppard, Secretary-Treasurer; 
and for Executive Committee, J. T. Barron and T. F. Barton. 


PAST SECTION MEETINGS 


Atlanta 


A Solution of Power Factor Correction, by B. T. McCormick, 
Wagner Electric Corp. Llustrated with slides. Joint 
meeting with Georgia School of Technology Branch. <A 
dinnder preceded the meeting. March 30. Attendance 120. 


Boston 


Where Are We Going in the Electric Light and Power Industry? 
. S. Murray, Consulting Engineer. March 16. At- 

tendance 350. 
Heaviside and Steinmetz, Their Work and Personalities, by Dr. 
Ernst J. Berg, Union College. March 30. Attendance 150. 


Cincinnati 
Modern Developments in the Elevator Industry, by BE. W. Yearsley, 
Otis Elevator Co. March8. Attendance 56. 


Cleveland 

High-Speed Traction Motors, by N. W. Storer, Westinghouse 
Electric & Mfg. Co. March8. Attendance 60. 

Applications of Automatic Switching, by R. W. Osterholm, 
student; and 

Problems in Converter Stations, by R. G. Hornberger, student. 
Illustrated with slides. Talks on activities of Student 
Branches were also given by Prof. J. L. Beaver, Vice-Presi- 
dent, Middle Eastern District, and J. G. Currie, Chairman, 
Case. School of Applied Science Branch. Joint meeting 
with Case School of Applied Science Branch. March 22. 
Attendance 140. 

Connecticut 

Research and Invention, by Thomas Spooner, Westinghouse 
Electric & Mfg. Co. Illustrated with slides. March 13. 
Attendance 70. 
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Denver 
Financial Supervision of a Large Engineering and Manufacturing 
Organization, by C. H. Lang, General Electric Co. 
dinner preceded the meeting. March 13. Attendance 50. 
Detroit-Ann Arbor 


Transatlantic Radio, by Dr. Austin Bailey, American Tel. & 
Tel. Co. Joint ‘meeting with Institute of Radio Engineers. 
March 20. Attendance 240. 


Erie 
Tendencies in Modern Transportation, by N. W. Storer, West- 
inghouse Electric & Mfg. Co. March 20. Attendance 125. 
Indianapolis—Lafayette 


Protection of Transmission Lines and Apparatus against the pets 
of Lightning, by K. B. MeEachron, General Electric Co. 
March 6. Attendance 155 

The Televox, by R. J. Wensley, Westinghouse Hlectric & Mfg. Co. 
March 27. Attendance 350. 


Louisville 


Engineering and Engineering Education, by Dean A. A. Potter, 
Purdue University. Joint meeting With, Aj tS, Mi. EH. 
March 20. Attendance 62. 

Radio Interference, by A. W. Lee, Louisville Gas and Electric Co. 
April 9 

Lynn 

Motion pictures, entitled respectively, ‘‘Saving Coal at Home” 
and ‘‘Through Oil Lands of Europe and Africa,” were shown. 
A film, showing the recent New England flood, was also 
shown. March 22. Attendance 170. 

Heaviside and Steinmetz, Their Work and Personalities, by Dr. 
Ernst J. Berg, General Electric Co. Annual Dinner. 
March 31. Attendance 291. 


Madison 
Electric Utility Rates, by G. C. Neff, Vice-President, Wisconsin 
Power & Light Co. March 30. Attendance 25. 
Mexico 
Automatic Substations, by B. J. Skarbovick. 
March 6. Attendance 36. 
Milwaukee 


Atoms as Wonder Workers, by H. D. Hubbard, National Bureau 
of Standards. Joint meeting with Engineers’ Society of 
Milwaukee. March 21. Attendance 450. 


Nebraska 


Manufacture of Porcelain Insulators, by C. A. Brunner, Locke 
Insulator Corp. Illustrated with motion pictures. A 
dinner preceded the meeting. February 7. Attendance 50. 

The Street Railway Problem in Omaha, by J. N. Shanahan, 
President, Omaha and Council Bluffs Street Railway Co. 
March 20. Attendance 55. 


Niagara Frontier 
Automatic Control of Substations by Means of Supervisory 
Control and Other Methods, by R. J. Wensley, Westinghouse 
Electric & Mfg. Co. March 2. Attendance 170. 
Oklahoma 


New and Better Business, by 8S. A. Chase, Westinghouse Electric 
& Mfg. Co. March 13. Attendance 150. 


Philadelphia 


Research and Invention, by Thomas Spooner, Westinghouse 
Electric & Mfg. Co. Illustrated with slides. A dinner 
preceded the meeting. March 12. Attendance 105. 


Dinner meeting. 
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ENGINEERING EXPOSITION TO BE HELD AT LEWIS INSTITUTE 
The Lewis Institute Branches of the A. I. E. EH. and Western 
Society of Engineers are announcing their second annual Engi- 
neering Exposition to be held on May 16, 17, and 18. It is ex- 
pected that this Exposition will surpass that of last year, both in 
size and in attendance. - 
No admission will be charged. 
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Pittsburgh 


Vacuum-Tube Applications, by T. A. E. Belt, General Electric 
Co. March 13. Attendance 265. 


' Pittsfield 

The Interconnection of Power Systems, by Philip Sporn, American 
Gas & Electric Co. Illustrated with slides. March 20. 
Attendance 135. 

Electrical Accidents, by H. M. Jalonack, General Electric Co. 
Illustrated with slides and a motion picture entitled ‘‘Re- 
suscitation.”” March 27. Attendance 100. 

The Psychology of Laughter, by C. M. Newcomb. Annual 
Dinner. The Best Paper Prize of the Pittsfield Section for 
the Season 1926-1927 was awarded at this dinner to Mr. 
G. Camilli for his paper entitled “Reduction of Transformer 
Exciting Current to a Sine Wave Basis,” presented in May 
1927. April3. Attendance 246. 


Providence 
Application of Electricity to Marine Service, by F. E. Smith, 
General Electric Co. February 7. Attendance 40. 


Reminiscences of Heaviside and Steinmetz, by Dr. Ernst J. Berg, 
Union College. February 29. Attendance 50. 


Rochester 
Television, by H. M. Stroller, Bell Telephone Laboratories. 


Illustrated by slides and motion pictures. A dinner pre- 
ceded the meeting. March 2. Attendance 578. 


St. Louis 
Artificial Light and Civilization, by Dr. M. Luckiesh, National 


Lamp Works of General Electric Co. Joint meeting with 
A. S. M. E. March 28. Attendance 150. 


San Francisco 
Mechanical Movements of Line Conductors under Short-Circuct 
Conditions, by W.S. Peterson, Los Angeles Bureau of Power 
and Light. Illustrated with slides. March 23. Atten- 
dance 52. 
Schenectady 
Size of the Universe, by Dr. I. Langmuir, General Electric Co. 
Illustrated with slides. March 16. Attendance 400. 
Toronto 
The Distribution of Power in the Rural Districts of Ontario, by 
R. E. Jones, Hydro-Electric Power Commission. February 
9. Attendance 51. 
Instruments Transformers, by A. M. Wiggins, Westinghouse 
Electric & Mfg. Co. February 24. Attendance 74. 
Starting Characteristics of Synchronous Motors, by H. R. Sills, 
Canadian General Electric Co. March 9. Attendance 46. 
Vancouver " 


Impressions of a Visit to Europe, by F. J. Bartholomew, Electrical 
Engineer. April 3. Attendance 34. 


Washington, D. C. 


Interconnection of Power Systems, by P. H. Chase, Philadelphia 
Electric Co. Motion picture, entitled “White Coal,”’ 
was shown. A dinner preceded the meeting. March 13. 
Attendance 105. 

Urban Transportation, by W. B. McClellan, Consulting Engineer. 
A dinner preceded the meeting. April 10. Attendance 36. 


Worcester 


Reminiscences of Steinmetz and Heaviside, by Dr. Ernest J. ek 
Union College. Joint meeting with "A. 8. M. E., ‘ 
and A.S.S. T. March 28. Attendance 100. 


ir 
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STUDENT MEETING HELD BY ITHACA SECTION 


A meeting held by the Ithaca Section at Cornell University 
on April 13, 1928, was conducted entirely by the students under 
the auspices of the Electrical Engineering Association, and the 
following program was presented: 

Alternator Oscillograph Studies, S. R. Knapp and J. R. Burnell. 

Water Levels of Cayuga Lake, D. J. C. Werner 
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Polarization and Absorption in Dielectrics, EK. J. Atkins, Jr. 
Electric Locomotive Construction, D. W. Exner. 
Refreshments were served after the completion of the program. 


CONFERENCE ON STUDENT ACTIVITIES IN DISTRICT NO. 2 


In connection with the Regional Meeting of the Middle 
Eastern District (No. 2), held at Baltimore, April 17-20, 1928, 
the second annual Conference on Student Activities of that 
District was held on the evening of the 19th. Twelve Counselors 
and about the same number of Branch Chairmen were present. 
Professor L. A. Doggett, Chairman of the District Committee on 
Student Activities and Counselor of the Pennsylvania State 
College Branch, presided. 

The following program was presented: 

The Institute and Student Branches, H. H. Henline, Assistant 
National Secretary, A. I. E. E. 

Resumé of Student Branch Activities of the Middle Eastern 
District, No. 2, Morland King, Counselor, Lafayette College 
Branch. 

What is My Branch Doing about Branch Paper Prizes? 
discussion. 

Electrical Engineering Student Activities at Colleges Located 
in Large Cities, H..B. Dates, Counselor Case School of Applied 
Science Branch. W. B. Kouwenhoven, Johns Hopkins Uni- 
versity. F. W. Lee, Johns Hopkins University. 

Report of Outgoing Chairman of Committee on Student Activities, 
L. A. Doggett, Counselor, Pennsylvania State College Branch. 

Open Discussion on the General Topic: 

Wrinkles That Have Been Helpful in the Operation of Your 
Branch. Discussion by both Counselors and Student Branch 
Chairmen. 

Professor King’s report dealt principally with the Student 
Convention held at Lafayette College on March 19, 1928, and 
he said the students in charge of the arrangements had responded 
to their duties and opportunities in an admirable manner. 

Means of encouraging students to submit more papers in 
competition for the national and regional prizes for Branch 
papers were discussed by a number of Counselors. 

The majority of those present agreed that a Student Branch 
can be conducted very effectively in a large city, and that the 
presence of a Section does not in any way reduce the desirability 
of having a Branch, but, on the contrary, offers excellent possi- 
bilities of cooperation between the students and practicing 
engineers with benefits to both groups. 

Professor Doggett reported briefly upon his plan for encourag- 
ing joint Branch meetings in the District and the two such 
meetings that were held during the present year. He exhibited 
curves showing the attendance at meetings of the Pennsylvania 
State College Branch and a number of other Branches. 

Each Branch Chairman present gave a brief report concerning 
the activities of his Branch, and several expressed the hope that 
they would be able to use effectively some of the ideas received 
during the Conference. 

At a meeting of the Counselors, Professor F. C. Caldwell, 
Counselor of the Ohio State University Branch, and Professor 
H. E. Dyche, Counselor of the University of Pittsburgh Branch, 
were elected Chairman and Vice-Chairman, respectively, of the 
District Committee on Student Activities for the year beginning 
August 1, 1928. 


Open 


JOINT MEETING HELD BY CLEVELAND SECTION AND 
CASE SCHOOL OF APPLIED SCIENCE BRANCH 

A very effective joint meeting was held on March 22, 1928, by 
the Cleveland Section and the Case School of Aplied. Science 
Branch. The meeting was held in the Electrical Building of 
Case School, and all preparations were made by the students. 

The program was as follows: 

Address of Welcome, G. J. Currie, Chairman, Case School of 
Applied Science Branch. 

Response, A. M. Lloyd, Chairman, Cleveland Section. 
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Activities of the Case School of Applied Science Branch, G. J. 
Currie, Chairman. 

Activities of Student Branches, J. L. Beaver, Vice-President, 
District No. 2, A. I. E. E. 

Application of Automatic Switching, R. W. Osterholm, Student. 

Three-reel motion picture entitled, Automatic Control of a 
Three-Wire Edison System. 

Problems in Converter Stations, R. G. Hornberger, Student. 

A black-face comedy act was presented by M. S. Schonvizner 
and M. Hirshfield, Students. 

Those present were then conducted through the laboratories 
by members of the Branch. Many special exhibits had been 
arranged for the meeting, and were very interesting to the 
visitors. 


STUDENT ACTIVITIES CONFERENCE AND CONVENTION IN 
DISTRICT NO. 4 

Following extensive preparations made by the Committee on 
Student Activities of the Southern District (No. 4) over a period 
of several months, a very effective two-day combined Conference 
on Student Activities and Convention was held at the Georgia 
School of Technology, Atlanta, on March 30 and 31, 1928, in 
cooperation with the Atlanta Section. 

The program of the meeting was as follows: 


Friday, March 30, 1928 
9:00 A. M. 
Counselors’ Technical Session 


Professor E. S. Hannaford, Chairman Committee on Student 
Activities, District No. 4, presiding. 

Invocation. 

Address of Welcome for A. I. E. H., C. O. Bickelhaupt, Vice- 
President District No. 4. 

Address of Welcome for Georgia School of Technology, Dr. M. L. 
Brittain, President. 

Research, Professor W. S. Rodman, Chairman Southern 
Virginia Section, and Counselor University of Virginia Branch. 

The Relation Between Parallel Resonance and Anti-Resonance, 
Professor Walter J. Seeley, Counselor Duke University Branch. 


1:005P2) Nir 
Student Technical Session 


Professor E. S. Hannaford presiding. 

Each student introduced by a professor from his school. 

Modern Methods of Reproducing Sound, A. A. Berger, Georgia 
Sehool of Technology. 

The Performance of Various Solutions as Electrolytes in Electro- 
lytic Rectification, E. R. Hauser, Alabama Polytechnic Institute. 

Intermission—Music. 

Automatic Telephony. R. E. Kepler, Chairman Washington and 
Lee University Branch. 

The New Course in Electrical Engineering at Duke University, 
O. T. Colelough, Chairman Duke University Branch. 

Application of Photoelectric Cells to Timing with Standard 
Clock, H. M. Roth, University of Virginia. (Presented by H. D. 
Forsyth, Chairman University of Virginia Branch). 

After the adjournment of the afternoon session, the delegates 
were guests of the Georgia School of Technology Branch at 
a very interesting baseball game between that school and 
Oglethorpe University. 

6:30 P. M. 


Dinner with Atlanta Section 
8:00 P. M. 


Joint Meeting with Atlanta Section 


D. H. Woodward, Secretary, Atlanta Section presiding. 
A Solution of Power Factor Correction, B. T. MeCormick 
Wagner Hlectric Corporation, St. Louis. 
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Saturday, March 31, 1928 
9:00 A. M. 


Conference on Student Activities 

Professor E. 8. Hannaford presiding. 

Student Activities, H. H. Henline, Assistant National Secretary, 
A.I. E. E. . 

Student Branch Conventions, Professor W. J. Seeley, Counselor 
Duke University Branch. 

Intermission—Musie. 

Student Branch Activities, W. J. Holman, Georgia School of 
Technology. 

Student Branches and the Institute, Professor W. S. Rodman, 
Counselor University of Virginia Branch. 

General Discussion. 

US310) 1P L 


Inspection Trips 


(a) Georgia Power Co. Noiseless Automatic Substation 
(Spring St.) and the Boulevard Substation. 

(b) Telephoto Apparatus Inspection and Demonstration. 

Several speakers emphasized the facts that the most important 
function of the Student Branches is the development of latent 
abilities of the students and this is accomplished most effectively 
by their active participation in the programs. 

Among the recommendations made at the Conference on 
Saturday morning were those to the effects that good addresses 
at Regional Meetings be broadcast by radio and the Branches 
be notified in time to listen, and District officers invite each 

. Branch in their District to send a delegate to Regional Meetings 
at the expense of the Branch. 

It was decided that the next Conference on Student Activities 
in the District will be held at the time of the Regional Meeting in 
Atlanta, October 29-31, 1928, and that the Counselor of the 
Georgia School of Technology shall be Chairman of the District 
Committee on Student Activities. The Chairman was em- 
powered to appoint such sub-committees as may be desirable, 
and to make arrangements for prizes for the best student papers 
presented at the next meeting. 

Professor E. S. Hannaford was elected Counselor Delegate to 
represent the Committee on Student Activities of District No. 4 
at the Summer Convention, to be held in Denvér, June 25-29. 

The entire meeting was interesting to all present. Ten 
Counselors and about the same number of Chairmen represented 
their Branches. The attendance at each of the technical sessions 
and the general conference was approximately 120. 


THIRD ANNUAL STUDENT CONVENTION OF NEW YORK 
SECTION 


BROOKLYN POLYTECHNIC WINS PRIZE FOR THIRD TIME 

The third annual Student Convention of the New York 
Section was held on Thursday, April 19, 1928 in the Engineering 
Societies Building, 33 West 39th St., New York, N. Y. 

Following the successful Student Convention of 1926 ar- 
rangements were made by the Section officers to place all re- 
sponsibility for the success of future conventions in the hands of 
a Student Committee to be appointed each year. This plan 
proved eminently successful again this year, as all details for the 
1928 meeting were handled by the Student Committee, subject 
only to the guidance of Branch counselors and Section officers. 
Hight colleges located in New York Section territory took part 
in the meeting. They were: Columbia University, Newark 
College of Engineering, Cooper Union, College of the City of 
New York, Rutgers University, Stevens Institute of Tech- 
nology, New York University and Brooklyn Polytechnic 
Institute. 

On Thursday morning there were student inspection trips to 
the Hellgate Power Station, Holland Tunnel Ventilating System, 
Bell Telephone Laboratories and the Roxy Theatre. 

The afternoon session, heldin the Engineering Societies Build- 
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ing, was devoted to the presentation of seven papers by repre- 
sentatives of seven colleges in competition for a prize of $25.00 
in gold offered by the New York Section. Edward 8S. Bush, 
of the Newark College of Engineering, Chairman of the Student 
Committee, presided. L. W. W. Morrow, chairman of the New 
York Section made a short address. The balance of the after- 
noon was taken up by the presentation of the competing papers, 
as follows: The Measurement of Composite Track Currents, 
Barton Kreuzer, Brooklyn Polytechnic Institute; The Gas- 
Electric Bus (illustrated), A. H. Rapport, College of the City 
New York; Rectifiers and Rectifier Tubes, Donald Castle, 
Stevens Institute of Technology; Preferred Home Lighting, 
John P. Radcliff, Columbia; The Shield Grid Tube, J. F. Torpie, 
New York University; The Watthour Meter, (illustrated), 
Robert E. Mayer, Newark College of Engineering; A-C. Net- 
works, Charles H. Coles, Cooper Union. 

Members of the Committee of Award were unanimous in their 
decision giving the prize to Barton Kreuzer of the Brooklyn 
Polytechnic Institute with honorable mention to Robert E. 
Mayer of the Newark College of Engineering. The award to 
Mr. Kreuzer makes the Brooklyn institution a winner three 
years in succession. Attendance at the afternoon session was 
approximately 375. 

At 6p. m. a dinner for the students was given at the Fraternity 
Club, with about 175 in attendance. An after-dinner address on 
“The Young Engineer in Industry” was given by F. W.Willard, 
Personnel Director of. the Western Electric Company. The 
Convention ended with the regular monthly N. Y. Section meet- 
ng with the students participating. That meeting is outlined 
elsewhere in this issue. 


BRANCH MEETINGS 
Municipal University of Akron 


The Electric Locomotive and Its Control, by Mr. Webb, General 
Electric Co. A dinner preceded the meeting. March 8. 
Attendance 43. 


Alabama Polytechnic Institute 


The 132-Kv. Cable, by Mr. Lee, General Electric Co. Brief 
talks were also given by Mr. Stevens and Mr. McLaren, 
General Electric Co. March 15. Attendance 49. 


University of Arkansas 


Regional Meeting in St. Louis in March, by Professor W. B. 
Stelzner, Counselor, and W. H. Mann, Jr., Chairman. 
March 20. Attendance 14. 


Measurements of Sound Pressure, by L. H. Barton, Director of 
Radio Station, KUOA, and Instructor of Radio at Uni- 
versity of Arkansas. Nominating Committee appointed. 
April 3. Attendance 13. 


Armour Institute of Technology 


Diesel Engines and Their Relation to Industry, by F. Saldeth, 
Harneschfeger Corp. Joint meeting with A. 8. M. E. and 
W.S. E. Branches. Mareh 1. Attendance 55. 


Bucknell University 


Business meeting. Adoption of By-laws. 
dance 16. 


California Institute of Technology 


Annual student meeting of Los Angeles Section. (See Student 
Activities department in April issue of Journau for more 
complete report.) March 6. 

Motion pictures on Weston Instruments were shown. 
28. Attendance 14. 


University of California 


Initiation Banquet. Remarks on Engineering, by G. R. Hennin- 
ger, Associate Editor, ‘‘Electrical West;’’ ‘‘The Responsi- 
bilities of the Engineer,” by W. L. Winter, Chairman, San 
Francisco Section; ‘‘Travel Memoirs,’’ by Robert Sibley, 
Executive Manager, California Alumni Association. L. D 
Payne, student, spoke in behalf of the incoming men. 
ee eae entertainment by students. March 1. Atten- 

ance 97. 


The Recent Hydroelectric Power Developments on the Pacific Coast, 
by W. M. Moody, Pelton Water Wheel Co. Business ses- 
sion. Refreshments served. March 28. Attendance 48. 


March 21. Atten- 


March 
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Inspection of the Vaca-Dixon Substation of the Pacific Gas and 
Electric Company. March 30. Attendance 17. 


Carnegie Institute of Technology 
Film, entitled ‘‘Big Deeds,’’ was shown. Smokes, refreshments, 
and entertainment. March7. Attendance 100. 
Inspection trip to the Carnegie Steel Company at Homestead, 
Pa. March 3. Attendance 45. 


Case School of Applied Science 
Joint meeting with Cleveland Section in Electrical Building at 
Case School of Applied Science. (See more complete report 
elsewhere in this department.) March 22. 


Catholic University of America 
Engineering Reports in Connection with Financing Public Utilities, 
by M. J. Idail, Weller Construction Co. Refreshments 
served. March 12. Attendance 25. 


Clemson Agricultural College 
Recent Developments in Steam Turbines, by L. Anderson; 
Recent Developments in Electric Railways, by L. S. Jackson; 
Television, by G. W. Sackman, and 
Current Events, by C. 8S. Lewis. March 1. Attendance 19. 


Colorado State Agricultural College 
Unit-Type Pulverizers Used in the Kalamazoo Plant, by Buell 
Clatworthy, student, and 
Engineering Achievements in the Application of Electricity to 
Industry, by George Ball, student. February 27. At- 
tendance 10. 


Photoelectric Theory and Its Application to Industry, by Prof. 
H. G. Jordan, Counselor. March 12. Attendance 15. 


University of Colorado 

Transmission-Line Insulation, by G. L. Wilder, District Manager, 
Locke Insulator Co., Salt Lake City. Three-reel film on 
manufacture of insulators and a two-reel film on manufac- 
ture of large transformers were shown. February 29. 
Attendance 36. 

Brief talks by E. C. Means, F. H. Heizberger, W. 8. Trudgian, 
M. G. Graff and G. R. Ficke, Westinghouse Electric & Mfg. 
Co., on the Company and its products. Two-reel film 
‘‘An Electrified Travelogue’ was shown. March 7. At- 
tendance 76. 

All about Aviation, by J. Don Alexander, Alexander Aircraft 
Co., Denver. Five-reel film ‘‘Electrical Measuring Instru- 
ments’? was shown. March 28. Attendance 150. 


University of Denver 
Business Meeting. March 6. Attendance 12. 
General discussion of participation of the Branch in the program 


of the annual College Night of Denver Section, May 11. 
March 30. Attendance 15. 


Duke University 


Manufacture of Electrical Instruments, by A. F. Corby, Weston 
Electrical Instrument Corp. Illustrated with motion 
pictures. March 23. Attendance 27. 


University of Florida 
Transmission of Photographs by Wire, by W. H. Johnson, Chair- 
man, and 
Student Branch Conference held in Atlanta, Ga., March 30-31, 
by Professor Joseph Weil, Counselor. April2. Atten- 
dance 25. 


Georgia School of Technology 


Elevators, Old and New, by W. T. Gage, Supt. of the Sales and 
Engineering Department of the Atlanta Branch, Otis 
Elevator Co. Slides. Student Branch, A. S. M. E., 
invited to attend. March 6. Attendance 94. 


University of Idaho 


Electrolytic Zinc, by William Reeves, student. 
served. March 7. Attendance 25. 


Dinner was 


University of Kansas 


L. H. Means, General Electric Co., spoke on the scope of research 
work carried on by his company. Moving picture ‘‘Speed- 
ing Up Our Deep Sea Cables’? was shown. M. Als- 
paugh, Chairman gave a report on Regional Meeting of the 
South West District. March 14. Attendance,78. 
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Annual Banquet. O. M. Bundy acted as toast master. Talks 
were given by R. D. Woodson, W. E. Welch, Wm. M. Savage 
and R.S. Krehbiel. March 29. Attendance 186. 


Louisiana State University 

Salesmanship and Its Application to the Electrical Field, by Mr. 
Gay, Baton Rouge Electric Co. Motion picture, entitled 
“Revelations by X-Rays,” was shown. March 2. Atten- 
dance 28. 

Lehigh University 
The Conowingo Hydroelectric Project and_Its Interconnection, 
y N. E. Funk, Chief Engineer and General Manager, 

Philadelphia Electric Co. 

Page Printing Telegraph Apparatus, by L. K. Sowers, student. 
Refreshments served. March 30. Attendance 110. 


Lewis Institute 


The Romance of Permalloy, by J. W. Andrews, Western Electric 
Co. April5. Attendance 90. 


University of Maine 


Automatic Substations, by R. F. Scott and C. M. Flint, students. 
Films on automatic substations and oil-circuit breakers were 
shown. April4. Attendance 15. 


Massachusetts Institute of Technology 


Principles of Electrical Measurements, by A. F. Corby, Weston 
Electrical Instrument Corp. Illustrated with film. March 
9. Attendance 40. 


Three reels of motion picture on the manufacture of porcelain 
and porcelain insulators were shown. March 21. 


Inspection trip to Edison Lamp Works of the General Electric 
Company. March 22. Attendance 8. 


Michigan State College 
Business Meeting. March 12. Attendance 17. 


University of Michigan 
An American Engineer's Impressions of Huropean Electrical 
Manufacture, by A. M. MaeCutcheon, Engineering Vice- 
President, Reliance Electric & Engg. Co. March 14. 
Attendance 28. 


Milwaukee School of Engineering 


Atoms as Wonderworkers, by Dr. Henry Hubbard, Assistant to 
the Director of Bureau of Standards. Illustrated by 
models. March 22. Attendance 400. 


Underground Power Distribution, by R. L. Dodd. April 6. 
Attendance 200. 
* University of Minnesota 


Dinner and inspection trip at Riverside Station of Northern 
States Power Company. February 23. Attendance 101. 


Mississippi A. & M. College 


Electrically Drwen Battleships, by E. 8. Lee, General Engineering 
Laboratory, General Electric Co. March22. Attendance 91. 


University of Missouri 


Four-reel educational film on electrical instruments was shown. 
March 29. Attendance 87. 


Montana State College 
Electron Theory, by Dr. Wendt, Head, Chemistry Dept., Pennsyl- 
vania State College. March1. Attendance 150. 
Electrons in Everyday Life, by H. T. Plumb, District Engr., 
General Electric Co., Salt Lake City, Utah. March 8. 
Attendance 98. 


University of Nebraska 


The Development of the New Type of Non-Hlectric Phonograph, 
by Dr. M. B. Long, (alumnus), Bell Telephone Laboratories, 
Ine., and 

The Need of Industry for Engineers and What Industry Asks of 
Engineers, by S. Bracken, (alumnus), Technical Supt. of 
Western Electric Plant at Hawthorne. February 28. 
Attendance 53. 


Summer Employment with the Westinghouse Electric & Manufac- 
turing Company, by Ross Kilgore, student, and 


Capacity Unbalance Tests on Chicago-New York Cable, by Kenneth 
Stiles, student. March 22. Attendance 35. 
Newark College of Engineering 


Illumination at Natural Bridge, Virginia, by W. A. Oglesby, 
Westinghouse Lamp Co. March 19. Attendance 25. 
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College of the City of New York 
Business Meeting. Motion picture, entitled ‘‘Portable Electric- 
ity,’ wasshown. March8. Attendance 33. 
Business Meeting. One-reel motion picture, entitled ‘‘Auto- 
matic Railway Substation,’ shown. March 29. Atten- 


dance 36. 

Inspection trip to Hell Gate Power Plant. April 3. Atten 
dance 34. 

Inspection trip to Otis Elevator Works at Yonkers. April 10. 


Attendance 17. 


New York University 


Studies in Illumination: Light and Industry, by R. J. Fluskey, 
28, Secretary, and 

A-c. Distribution in the Bronx, by Sheldon Trent, ’28. March 
22. Attendance 31. 


University of North Carolina 


Joint business meeting of A.I.E.E. Branchand A.S.C.E. Chapter. 
Dues of A.I.E.E. Branch were increased from $.50 to $1.00 per 
quarter. March 8. Attendance 28. 

Developments of the Carolina Power and Light Company, by R. P. 
Crippen, Test Engr. Films. March 29. Attendance 25. 


' University of North Dakota 


Engineering Opportunities in North Dakota, by Arnold Niehus, 
student, and 

Report on District Conference on Student Activities at Lincoln on 
March 2 and 8, 1928, by Alfred Botten, Chairman. March 
15. Attendance 19. 

Motion pictures on modern telephone developments, radio tele- 
phony and television were shown. Discussion of plans for 
Engineers Day. March 29. Attendance 24. 


Northeastern University 


History of the Transatlantic Cable, by A. J. Mundt, Engg. Dept., 
Western Union Telegraph Co. March 20. Attendance 91. 


Inspection trip to Hy-Grade Lamp Works, Salem, Mass. March 
Don ; 


University of Notre Dame 


Indiana and Michigan Electric Company Substation Near South 
Bend, by Mr. Thoman, ’28, and 


Life and Works of Dr. Steinmetz, by Frank Gagliardi, ’28. Re- 
freshments served. March 19. Attendance 58. 


Ohio State University 


Power by Radio, by Dr. Phillip Thomas, Research Engineer, 
Westinghouse Electric & Mfg. Co. Joint meeting with 
Columbus Section, held at the University. Inspection 
trip to WEAO, the University broadcasting station. Janu- 
ary 6. Attendance 200. 

Development of Dynamo Machinery in Columbus, by Prof. W. A. 
Knight, Dept. of Industrial Engg. Dinner meeting. 
February 7. Attendance 45. 

Social, Mental and Physical Balance in a Man, by C. 8S. Coler, 
Manager, Educational Dept., Westinghouse Electric & 
Mfg. Co. Brief remarks by a number of other Westing- 
house men. February 23. Attendance 75. 

Workers and Planners, by Prof. John Younger, Head of the Dept. 
of Industrial Engg. The following officers were elected: 
Senior Chairman, Robert G. Spry; Senior Vice-Chairman, 
E. R. Robinson; Junior Vice-Chairman, William M. Webster, 
Secretary-Treasurer, Graydon W. Trout. March 8. At- 
tendance 45. 


Appliction of Magnetic-Field Studies to Electrical Engineering, 
by E. E. Johnson, General Electric Co. March 15. At- 
tendance 58. 


University of Pennsylvania 
Discussion of proposed trip to Conowingo. The following 
officers were elected: President, A. L. Pugh; Vice-President, 
B. F. Moore, Jr. February 20. Attendance 45. 


University of Pittsburgh 


Personal Experiences in the Engineering Field, by HK. A. Casey, 
Engg. Dept., Union Switch and Signal Co. March 2. 
Attendance 39. 

Personal Experiences in the Engineering Field, by F. R. Garman, 
Engg. Dept., Bell Telephone Co. of Pa. March 9. At- 
tendance 39. 
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The Advantages of Working with a Small Concern, by H. A. 
Reitmeyer, student. March16. Attendance 40. 

Can One-Man Street Cars Render Safe and Adequate Service, by 
H. W. Wambhoff, student. March 23. Attendance 42. 

South America, by R. Vecino, student. Slides. 

C.O. Relays, by H. R. Jones, student. March30. Attendance 40. 


Purdue University 
Lightning and Its Effects, by K. B. McKachron, General Electric 
Co. Meeting held in conjunction with the Indianapolis- 
Lafayette Section during the Meterman’s Convention at 
the University. March 6. Attendance 300. 


Rensselaer Polytechnic Institute 
Operation of the High-Tension Systems Interconnecting the Large 
Steam and Hydroelectric Plants of New England, New York, 
New Jersey, Pennsylvania, and Canada, by C. W. Mayott, 
"11, Manager, Connecticut Valley Power Exchange. Slides. 
March 13. Attendance 120. 


Rutgers University 
Bimetallic Disk Thermostat, by Mr. Sherbo, ’29; 


_ Electricity in Color Matching, by Mr. Cost, ’29, and 


Vibration Absorbers for Large Single-Phase Machines, by Mr. 
Kieb,’28. March12. Attendance 12. 


University of South Dakota 

Army Engineers and the Signal Corps, by Capt. Frank Ward. 
Plans made for Junior and Senior electrical engineering 
students to attend the meeting of the Nebraska Section at 
Omaha on April 26. March 21. Attendance 18. 
Mercury Arc Rectifiers, by Stanley Boegler, student. 


April 4. 
Attendance 12. 


Stanford University 


Engineering smoker. Shirley Baker spoke on the business side 
of engineering. Hntertainment, refreshments, and smokes 
were provided. February 29. Attendance 75. 

Motion picture, entitled ‘‘Conowingo,’ was shown. 
Attendance 31. 


A. & M. College of Texas 
Dance. March 23. Attendance 105. 
Development and Manufacture of Transformers, by E. J. Temple, 
General Electric Co. Slides. Two films on transformer 


manufacture and submarine cables were shown. March 30. 
Attendance 98. 


Fundamental Units of Measurement in Electrical Engineering, by 
W. A. Knapp, ’28, student. April 6. Attendance 36. 


University of Texas 


Power Transmission—Its History and Development, by O. S. 
Hockiday, Texas Power and Light Co. Slides. March 22. 
Attendance 33. 

Transformers and High-Voltage Transmission, by E. J. Temple, 
General Electric Co. Slides. March 29. Attendance 28. 


University of Utah 


Motion picture, entitled ‘‘The Fabrication of Copper,” was shown. 
Joint meeting with University of Utah Engineering Society. 
March 2. Attendance 60. = 

Business in America Is Good; Why Change it?, by D. C. Green, 
Vice-President and General Manager, Utah Power and Light 
Co. Joint meeting with University of Utah Engineering 
Society. March 9. Attendance 125. 

The Fynn-Weichsel Motor as a Generaor of Electric Power, by 
O. K. Stigers, student. Dr. H. EK. Mendenhall gave a short 
talk on the purposes and benefits of belonging to the 
A. I. E. E. March 13. Attendance 17. 


Virginia Military Institute 
Laboratory Improvements, by W. EK. Englehard; 
D-C. Machinery Used in Diesel-Electric Ship Propulsion, by L. 
Gwathmey; 
Super Power and Its Aid to Progress, by C. N. Ballinger; 
Locomotive Railroad Tests, by W. 'T. Wagner, and 
The Effect of Lightning on Transmission Lines, by W. K. Black. 
March 24. Attendance 42. 
Virginia Polytechnic Institute 


Electrostatics, Electromagnetics, and Electrical Measurements, by 
A. F. Corby, Weston Electrical Instrument Corp. Motion 
pictures. March 29. Attendance 197. 


March 9. 


University of Virginia 
Modern Uses of the Photoelectric Cell, with Its Application to a 
Timing Mechanism, by Mr. Roth, Physics Dept. Motion 
picture, entitled ‘‘Voices Across the Sea,’’ was shown by 
Mr. Cover, A. T. & T. Co., who described the opportunities 
oe graduates in that company. February 22. Atten- 
dance 28. 


State College of Washington 


Motion pictures, entitled respectively, ‘‘The Electrical Giant’’ 
and ‘‘Big Deeds,’’ were shown. February 23. Attendance 
168. 

A-C. Networks, by Ronald Niles. Discussion of papers for future 
meetings and plans for an Electrical Show. February 29. 
Attendance 29. 


Washington University 


Motion picture on the theory and manufacture of storage 
batteries was shown. March 2. Attendance 26. 

Motion picture on the theory and manufacture of Weston in- 
struments was shown. March 5. Attendance 30. 
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Engineering Societies Library 


Journal A. I. E. E. 


Business meeting. Committees were appointed to prepare for 
an Electrical Engineers’ Smoker. April 5. Attendance 21. 


University of Washington 
Business meeting. March 9. Attendance 18. 


Interconnection of Electric Service Systems, by E. Stuermer, 
student. April 5. Attendance 14. 


West Virginia University 


Sounds that Burn, by J. K. Gwinn; Manufacture of Friction Tape, 
by Ivan Vannoy; Raising of Submarine S-4, by F. M. 
Farry; Telephone Toll Plant in the Chicago Region, by W. 8S. 
Bosely; Wire Glass, by L. S. Davis; Electrical Industry in 
Japan, by H. V. DeJournett; Electric Welding, by W. T. 
Myers; A. C. Operation of Radio, by B. J. Paladino, and 
Televox, by H. H. Hunter. March 2. Attendance 28. 

What Transportation Means to Progress of Cities, by 8. J. Donley; 
Granting of Patents, by T. R. Cooper; Transformers, by 
M. C. Clark; Electricity As Applied to the Petroleum In- 
dustry, by C. C. Coulter; Mercury Arc Rectifier, by G. J. 
Burner; Haphazard Economy, by A. L. Lindlay, and Yellow 
Pine Poles, by R. N. Kirchner. March 9. Attendance 29. 
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The Library is a cooperative activity of the American Institute of Electrical Engineers, the American Society of 
Civil Engineers, the American Institute of Mining and Metallurgical Engineers and the American Society of Mechan- 


tcal Engineers. 
library of engineering and the allied sciences. 
most of the important periodicals in its field. 
ninth St., New York. 


Itis administered for these Founder Societies by the United Engineering Society, as a public reference 
It contains 160,000 volumes and pamphlets and receives currently 
Itis housed in the Engineering Societies Building, 29 West Thirty- 


In order to place the resources of the Library at the disposal of those unable to visit it in person, the Library is 
prepared to furnish lists of references to engineering subjects, copies or translations of articles, and similar assistance. 


Charges sufficient to cover the cost of this work are made. 


The Library maintains a collection of modern technical books which may be rented by members residing in North 


America. 


A rental of five cents a day, plus transportation, ts charged. 


The Director of the Library will gladly give information concerning charges for the various kinds of service to 
those interested. In asking for information, letters should be made as definite as possible, so that the investigator may 


understand clearly what is desired. 


The library is open from 9 a. m. to 10 p. m. on all week days except holidays throughout the year except during 


July and August when the hours are 9 a. m. to & p. m. 


BOOK NOTICES MARCH 1-31, 1928 


Unless otherwise specified, books in this list have been pre- 
sented by the publishers. The Society does not assume 
responsibility for any statement made; these are taken from 
the preface or the text of the book. 

All books listed may be consulted in the Engineering Societies 
Library. 


ALLGEMEINE PETROGRAPHIE DER ‘‘OLSCHIEFER’” UND IHRER 
VERWANDTEN. 

By Robert Potonié. Berlin, Gebrider Borntraeger, 1928. 
173 pp., illus., 10 by 7 in., paper. 12.-mk. 

This treatise is in a sense an extension of the discussion of 
sapropel clay in the author’s earlier work on the petrography of 
coal. In the present work he turns his attention to the oil shales 
and other rocks which contain bitumen, usually in solid form. 


BriTtRaAGeE ZuR GESCHIECHTE DER TECHNIK UND INDUSTRIE; 
Jahrbuch des Vereines Deutscher Ingenieure. v. 17, 1927. 
Edited by Conrad Matschoss. Berlin, V. D. I. Verlag, 
1927. 180 pp., illus., 12 by 9 in., cloth, 16.-r. m. 

In order to make this yearbook less expensive its form and type 
have been changed to ‘those used for other publications of the 
Society of German Engineers. The result is less pleasing to the 
eye, but the contents maintain the high level of previous years, 
and the set is indispensable to any student of engineering history. 

The historical essays include articles on the cylinder printing 
press, spectacles, high-frequency engineering, insulators for 
aerial conductors, spinning and weaving, cylinder boring mills, 


and early railroad accidents. A biography of Volta is included, 
and a Venetian patent to Galileo is reproduced. A fully illus- 
trated article on the engineering memorials of Germany con- 
tains many interesting examples of early work. A review of the 
year and a bibliography conclude the book. 

EIsERNE BALKENBRUCKEN. 

By Joseph Melan. Ber. u. Lpz., Walter de Gruyter & Co., 
1928. 106 pp., illus., 6 by 4in., lines. 1,50 r. m. 

A brief text covering the essentials of the design and construc- 
tion of steel bridges. 

Exvectric RECTIFIERS AND VALVES. 

By A. Guntherschulze; trans. & rev. by Norman A. De Bruyne 
N. Y., John Wiley & Sons, 1928. 212 pp., illus., diagrs., 9 by 6 
in., cloth. $4.00. 

A translation of Guenther-Schulze’s ‘‘Elektrische Gleichrichter 
und Ventile,’”’ published in 1924, with various additions and 
emendations by the author and the translator. The book gives 
an account of the physical principles underlying valve action, 
and explains how these principles are applied in practice. 
ELEKTROCHEMIE, v. 4; Hlektrolyse. 

By Heinrich Dannel. Ber. u. Lpz., Walter de Gruyter & Co., 
1928. 144 pp., illus.,6 by 4in., linen. 1,50 r. m. 

The concluding volume of Dr. Danneel’s concise introduction 
to electrochemistry is devoted to the applications of electrical 
energy to the production of chemical reactions. The broad field 
is reviewed briefly, with emphasis upon the physico-chemical 
principles involved in the various processes. 


May 1928 


ELEKTROTECHNIK, V. 1; Die Physikalischen Grundlagen. 

By J. Herrmann. Ed.5. Ber. u. Lpz., Walter de Gruyter & 
Co., 1928. 125 pp., illus., diagrs., 6x4 in., linen. 1,50-r. m. 

This is the fifth edition of the first volume of Professor Herr- 
mann’s little textbook on electrical engineering, which aims to 
provide a brief, easily understood introduction to the subject. 
This volume explains the physical principles that underly the 
subject. 

The text has been revised and enlarged. 
ELEMENTs or Macuine Dusten. 

By James D. Hoffman and Lynn A. Scipio. 
Ginn & Co., 1928. (Engineering Series). 
tables, 9 by 6in., cloth. $3.80. 

The authors have endeavored to present a course in which 
methods of attack upon problems are illustrated, by the use of 
typical examples of design, which will enable the student to 
get the greatest amount of information in little time. There 
are two main divisions in the book. The first lays down the 
fundamental principles, the second shows their application to 
design. Only simple mathematics is used. 


Bost. & N. Y., 
Se job, wWhhviee. 


ENGuLISsH FOR ENGINEERS. 

By S. A. Harbarger. 2nd edition. N. Y., McGraw-Hill 
Book Co., 1928. 300 pp., 7 by 5in., cloth. $2.00. 

This book treats of English as a tool for transmitting thought 
and is planned to aid the engineer in acquiring skill in its use as a 
professional aid. It takes up first letters of applications, tele- 
grams, orders, inquiries, and instructions, and the sales letters, 
which engineers must write; and then proceeds to more formal 
writing for publication. The advice given is sound and concise. 
There are numerous references for collateral reading, and the 
cultural value of general reading is not forgotten. 
ERDSTROME. 

By Franz Ollendorff. Berlin, Julius Springer, 1928. 
pp., diagrs.,9 by 6in., bound. 20.-r. m. 
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The electric currents which forsake the predetermined paths 
in the earth and seek paths of their own, were until recently 
ealled ‘‘stray currents,’ and their effects were traced by designers 
and transmission engineers only in a very few cases. This state 
of affairs has changed with the erection of high-tension aerial 
lines: heavy, as well as weak, currents now pass through the 
earth; the hitherto unlimited space is smaller; utilization in- 
creases; calculated limitation must replace lavish waste of the 
“earth” material. 

In this book our theoretical knowledge of the behavior of earth 
currents is summarized, and the formulas and mathematical 
methods are presented. The book is based on information 
assembled by the Siemens-Schuckert works and on some new 
investigations. 


GRUNDLAGEN DER WECHSELSTROMTHEORIS. 

By P. B. Arthur Linker. Berlin, Georg Stilke, 1928. 
pp., 9 by 6in., paper. Price not quoted. 

A mathematical treatise on the theory of alternating currents. 
The author has endeavored to present the fundamentals of the 
subject and to give as elementary as possible treatment to the 
most difficult subjects, in order to make them available to wider 
circles. Especial attention is given to new concepts and to 
high-frequency engineering. 
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Hicguway MatTeErtiAtLs. 

By Edward E. Bauer. N. Y., McGraw-Hill Book Co., 1928. 
353 pp., illus., diagrs., tables, 9 by 6 in., cloth. $3.50. 

While intended primarily to give students of highway engineer- 
ing a general knowledge of the qualities of materials wanted for 
various kinds of pavements, this book will also be useful to 
engineers when writing specifications or inspecting materials or 
construction. 

The first of its four parts gives a brief account of the production 
of each material, a general discussion of the purpose and value of 
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each test applied to it, and the A. S. T. M. Specifications for it. 
In part two the qualities of material desired for each type of 
pavement are discussed and typical specifications are given. 
Part three, on sampling, gives the A. S. T. M. standard methods. 
Part four gives detailed instructions for making the various tests. 


‘‘Aurre,”’ des Ingenieurs Taschenbuch, v. 3. 25th edition. 

By Akademischen Verein Hitte, E. V. in Berlin. Berlin, 
Wilhelm Ernst & Sohn, 1928. 1203 pp., illus., diagrs., tables, 
8 by 5in., cloth. 18,60 r. m. 

The third volume of the ‘‘Jubilee’’ edition of Huette has been 
thoroughly revised throughout and considerably enlarged. 
It is devoted to structural and railroad engineering, including 
the statics of structures, foundations, tunneling, high buildings, 
heating and ventilation, mill buildings, garages, contractors’ 
equipment, hydraulic engineering, dams, roads, city planning, 
water and sewage works, railroads and bridges. Among the 
new subjects discussed are garage construction, new methods of 
street paving, athletic fields and stadiums, bath houses, and 
railroad safety equipment. 


“Hurrn,”’ des Ingenieurs Taschenbuch, v. 4. 25th edition. 

By Akademischen Verein Hitte, HE. V. in Berlin. Berlin, 
Wilhelm Ernst & Sohn, 1927. 864 pp., illus., diagrs., tables, 
8 by 5in., cloth. 18.-r. m. 

This volume covers a number of topics which have not been 
cared for in previous editions of Huette. It is intended to supply 
the mechanical engineer with the information of value to him on 
the mechanical technology of raw materials and articles of com- 
merce which he uses in constructing and operating machinery. - 
Processes of manufacture, properties, standards of quality, usual 
commercial varieties and efficiencies are given for materials and 
machines. 

Among the topics treated are naval and marine engineering, 
automotive engineering, mining and milling, agriculture, foods, 
forestry, tanning, paper and textiles, ceramics, gas, printing, 
cinematography, radio, and packing. 

ILLUMINATING ENGINEERING. 

By Francis E. Cady and Henry B. Dates. 2dedition. N. Y., 
John Wiley & Sons, 1928. 515 pp., illus., diagrs., tables, 9 by 6 
in., cloth. $5.00. 

A brief, yet comprehensive survey of the subject and of current 
practice, prepared from the courses of lectures delivered by vari- 
ous specialists to students at the Case School of Applied Science. 
The theoretical principles of the art of illumination are presented, 
the sources of light are described, and approved methods for 
lighting residences, streets, signs, are explained. 

The chapters on sign and display lighting and on light projec- 
tion have been rewritten for this edition, and other sections have 
been corrected and revised. 


KESSELANLAGEN FUR GROSSKRAFTWERKE. 

By Friederich Miunzinger. Berlin, V. D. I. Verlag, 1928. 
176 pp., illus., diagrs., plates, 11 by 8 in., linen. 19.-r. m. 

In the first two-thirds of this book Dr. Munzinger gives a 
detailed account of the boiler plant of the Klingenberg power 
plant of the Berlin municipal electric system, from the original 
project to the completed installation. The various preliminary 
plans are described critically and the various steps in building, 
such as the construction of the boilers and accessories, erection, 
ete., are narrated, with attention to points of interest. The 
text and the numerous illustrations give an unusual picture of the 
many problems involved in a large plant. 

With this as an example, the author then takes up the claims 
made for modern methods of firing and modern high-pressure 
boilers, and points out the ways to be followed to fulfill them. 
Further possible economies are pointed out. 

MatTHEMATICAL PREPARATION FOR PHysIcAL CHEMISTRY. 

By Farrington Daniels. N. Y., McGraw-Hill Book Co., 1928. 
(International chemical series). 308pp.,8by6in., cloth. $3.00. 

This textbook is prepared for a special course in mathematics 
given to beginners in physical chemistry who have not the time 
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for the standard courses in analytical geometry and the calculus. 
It aims to give sufficient mathematical preparation for a first 
course in physical chemistry, and for some advanced courses. 
Diz Messwanpter, ihre Theorie und Praxis. 

By I. Goldstein. Berlin, Julius Springer, 1928. 
illus., diagrs., tables, 9x 6in., paper. 12.-r. m. 


166 pp., 


The author, an engineer in the A-K-G transformer factory, 
has attempted to provide a text on the theory and design of 
instrument transformers which will be of use, not only to design- 
ers and makers, but also to those using these instruments in the 
plant or the laboratory. Attention is also given to their fields of 
usefulness. 


Moror Trarric MANAGEMENT. 

By G. Lloyd Wilson. N. Y., D. Appleton & Co., 1928. 
(Transportation Series). 251 pp., charts, graphs,9 by 6in., cloth. 
$3.00. 

The author has been engaged for three years, he states, in 
collecting data dealing with traffic problems of motor bus and 
truck operators and in attempting to apply to these problems the 
principles of traffic management which have been evolved 
through the application of economic fundamentals to railroad, 
. express and steamship business. He here presents the results 
of his labors. 


Tur New RerormMation PuHysicaL TO SPIRITUAL 
REALITIES. 

By Michael Pupin. N. Y., Charles Scribner’s Sons, 1928. 
273 pp., ports., 8 by 6 in., cloth. $2.50. 

The essays in this book, originally prepared for popular lec- 
tures, are intended to give persons without elaborate scientific 
training an understanding of the close relationship between the 
several physical realities which science has disclosed during the 
last four hundred years. Dr. Pupin hopes that a better under- 
standing of them will hasten recognition of the relationship 
between physical and spiritual realities'and of the absence of any 
conflict between science and religion. 


Puysics in Inpusrry; Lectures delivered before the Institute of 
Physies, v. 5. . Relation of Physics to Aeronautical Science, 
by H. E. Wimperis, and Physics in Navigation, by F. E. 
Smith. 

Oxford Univ. Press; Lond., Humphrey Milford, 1927. 
illus., 10x 6 in., boards. 2s 6d. 
American Branch, N. Y.) 

The two lectures printed in this volume deal respectively with 
the relationship of physics to aeronautical science and with 
physics in navigation. The lectures are popular in style. They 
are intended to illustrate the help extended by physicists to 
workers in those fields and to call attention to problems requiring 
cooperative investigation. 


FROM 


54 pp., 
(Gift of Oxford Univ. Press, 


Power’s PracricaL REFRIGERATION. 

Comp. by L. H. Morrison. N. Y., McGraw-Hill Book Co., 
1928. 259 pp., illus., tables, 9 by 6 in., cloth. $2.50. 

A handbook of practical information upon the construction, 
maintenance and operation of refrigerating machinery. The 
Text is simply written and assumes no scientific knowledge. 
It is based on articles that have appeared in ‘‘Power.”’ 
PRINCIPLES OF METALLOGRAPHY. 

By Robert 8. Williams and Victor O. Homerberg. 2d edition. 
N. Y., McGraw-Hill Book Co., 1928. (International Chemical 
Series). 259 pp., illus., tables, 8 by 6in., cloth. $3.00. 

An introduction to the subject, prepared with the needs in 
view of students of general science or engineering who do not 
intend to specialize in it, but who will use it to some extent in 
their professional work. It is also adapted for use as an intro- 
duction to metallography. 

This edition has been thoroughly revised. Most of the 
photomicrographs have been changed. A chapter on the macro- 
scopic examination of metals has been added. 
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Raprio-E,.ements as InpicaTors and other selected topics in 
inorganic chemistry. 

By Fritz Paneth. (George Fisher Baker Non-resident 
lectureship in chemistry at Cornell University). N. Me 
McGraw-Hill Book Co., 1928. 164 pp., port., diagrs., tables, 
9 by 6 in., cloth. $2.50. 

This book contains the lectures delivered by the author during 
1926-7 at Cornell University. 

Excluding an interesting introductory on ancient and modern 
alchemy, these lectures fall into three groups. The first, and 
longest, group discusses the applications of radioactive elements 
as indicators in analytical and colloid chemistry, electrochemistry, 
inorganic chemistry, physics and technology. Group two deals 
with the preparation and properties of the volatile hydrides, and 
group three discusses the natural system of the chemical elements. 


SCHALTBILDER IM WARMEKRAFTBETRIEB. 

By W. Stender. Berlin, V. D. I. Verlag, 1928. 
illus., 8 by 6 in., paper. 1,80 r. mh. 

This little book presents a carefully planned set of symbols for 
use in representing power-plant machinery diagrammatically. 
Upon the basis of a few primary symbols, a complete system has 
been logically planned, which cares for all power-plant machinery 
and combinations. 


27 PP-s 


SratiscHE u. DynamiscHE UNTERSUCHUNG VON MUNDUNGS- 
DAMPFMENGENMESSERN. 

By 8. Kreutzer. (Forschungsarbeiten auf dem Gebeite des 
Ingenieurwesens, No. 297). Ber., V. D. I. Verlag, 1928. 34 
pp., diagrs., tables, 12 by 8 in., paper. 4,50 r. m. 

Reports the results of an unbiassed investigation of two well- 
known models of steam flow meters, in which the influence of 
their mechanical design upon their accuracy was determined and 
special attention was paid to their behavior when measuring 
rapidly alternating and pulsating currents. It wasfound that 
the usual forms of apparatus cannot measure pulsating currents 
satisfactorily. The investigations also clarified the influence 
exerted by the method used to transmit the difference in pressure 
to the indicating device. 

On the basis of the information obtained, a new meter was built 
and tested which gives both the difference in pressure and also 
the amount of flow through the throttling device in a given time. 
It also proved reliable for metering pulsating currents. 

The investigations are fundamental in character. The results 
can be applied to other models than those tested. 


A TREATISE ON THE ANALYTICAL DYNAMICS OF PARTICLES AND 
Rier Boptiszs. 
By E. T. Whittaker. 3d edition. Cambridge, Eng., Univer- 
sity Press, 1927. [N. Y., Macmillan Co.].. 456 pp., 10 by 7 in., 
cloth. $8.50. 


A treatise intended mainly for the advanced mathematician. 
It collects into book form the outlines of a long series of researches 
scattered through many periodicals. Numerous examples for 
solution are given. 

The first fourteen chapters of this edition correspond closely 
to those in the second. The last two chapters, on the general 
theory of orbits and integration by series, have been completely 
rewritten. 


UNTERSUCHUNGEN UBER DIE WASSERRUCKKUHLUNG IN KuUNST- 
. LICH BELUFTETEN KUHLWERKEN. 


By Friederich Wolff. Mun. u. Bor., A. Oldenbourg, 1928. 
62 pp., diagrs., plates in pocket, tables, llby8in., paper. 9.-r.m. 

An experimental investigation of the laws governing the ex- 
change of heat between water and air in forced-draft cooling 
towers. The research was carried out in the mechanical labora- 
tory of the Charlottenburg Technical High School. 


Wortp or Atoms; ten non-mathematical lectures. 
By Arthur Haas. N. Y., D. Van Nostrand Co., 1928. 
pp., illus., 9 by 6in., cloth. $3.00. 
_ The lectures printed in this volume were prepared for presenta- 
tion to general audiences and are intended to give the lay publie 
an account of the achievements of modern atomic physics. 


The author has avoided mathematics and has tried, with unusual 
success, to be brief, yet thorough, and easily understandable. 
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Engineering Societies Employment Service 
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Under joint management of the national societies of Civil, Mining, Mechanical and Electrical Engineers cooperat- 


ing with the Western Society of Engineers. 


The servicers avatlable only to their membership, and is maintained as a coop- 


erative bureau by contributions from the societies and their individual members who are directly benefited. 
Offices: —31 West 39th St., New York, N. Y..—W. V. Brown, Manager. 
1216 Engineering Bldg., 205 W. Wacker Drive, Chicago, Ill., A. K. Krauser, Manager. 

57 Post St., San Francisco, Calif., N. D. Cook, Manager. 

MEN AVAILABLE.—Brief announcements will be published without charge but will not be repeated except upon 


requests received after an interval of one month. 
period of three months and are renewable wpon request. 


Names and records will remain in the active files of the bureau for a 
Notices for this Department should be addressed to 


EMPLOYMENT SERVICE, 31 WEST 39th Street, New York City, and should be received prior to the 1th day 


of the month. 


OPPORTUNITIES.—A Bulletin of engineering positions available is published weekly and is available to 


members of the Societies concerned at a subscription of $3 per quarter, or $10 per annum, payable in advance. 


Posi- 


tions not filled promptly as a result of publication in the Bulletin may be announced herein, as formerly. 
_ _VOLUNTARY CONTRIBUTIONS.—Members obtaining positions through the medium of this service are 
invited to cooperate with the Societies in the financing of the work by contributions made within thirty days after 
placement, on the basis of one and one-half per cent of the first year’s salary; temporary positions (of one month or less) 
The income contributed by the members, together with the finances appropriated 
by the four societies named above will it is hoped, be sufficient not only to maintain, but to increase and extend the service. 
REPLIES TO ANNOUNCEMENTS.—Replies to announcements published herein or in the Bulletin, should 
be addressed to the key number indicated in each case, with a two cent stamp attached for reforwarding, and forwarded 
Replies received by the bureau after the positions to which they refer have been 


three per cent of total salary received. 


to the Employment Service as above. 


filled will not be forwarded. 


MEN AVAILABLE 


ELECTRICAL ENGINEER, 29, single, Swiss. 
Graduate Electrical Engineer of the Politechnical 
University, Zurich; European and American 
experience in design and layout of power plants 
and substations. Employed at present, desires 
new connection with consulting engineer. Speaks 
English, French and German. Excellent refer- 


ences. C-4254. 
ELECTRICAL ENGINEER, 33. Licensed 
professional engineer, versatile, resourceful, 12 


years’ varied experience construction, operation 
and maintenance; considerable appraisal experi- 
ence; has made physical inventory, conditioned, 
priced and edited engineering reports and apprais- 
als on steam and hydro-electric stations, sub- 
stations, transmission lines, distribution systems, 
gas, railway and industrial properties. Available 
immediately, salary commensurate. B-3455. 

LICENSED PROFESSIONAL ELECTRI- 
CAL ENGINEER, 37, married; sixteen years’ 
broad experience in electrical design, construc- 
tion, and operation of power stations, substations; 
lighting and power for industrial buildings; 
office and experience in appraisal work; desires a 
new connection with an engineering organization 
or public utility. B-5393. 

CHIEF ELECTRICIAN, married, 33. Four- 
teen years’ practical experience with eight years 
technical business training in production problems 
and low cost maintenance. Can handle men and 
produce results. At present located with large 
electrical manufacturing company. Services 
available on reasonable notice. O-4288. 

SALES ENGINEER, 26, married. One year 
Westinghouse Student course. Two years dis- 
trict office sales. Location, East or Middlewest. 


B-8699. 
TECHNICAL GRADUATE, 42, married, 
desires permanent position as Mechanical, 


Electrical, Industrial Engineer or Executive in 
large company having several plants. Proven 
executive power development, operation, utiliza- 
tion; also application to manufacturing. Experi- 
ence in textile, leather, paper manufacturing, 
design and fabrication of machinery. Seven 
years with General Electric Company. Now 
employed, desires change. A-1705. 

SALES ENGINEER, 28, American. Graduate 
Electrical engineer with four years’ experience 
in power plant and substation construction and 
two years’ successful experience as security sales- 
man. Would like to enter branch of the sales 
field where technical knowledge will be of value. 
Location preferred, East. B-7038. 

ELECTRICAL ENGINEER, graduate, 34, 
married. Twelve years’ experience industrial 


electrical engineering and designing, such as paper 
mills and refrigerating plants. Five years’ 
experience in H. T. substation and power house de- 
sign construction. Prefer field job. Now en- 
gaged, available on short notice, B-5251. 


ELECTRICAL ENGINEER, 35, single. 
Degrees: B. A., Harvard; B.S. Electrical and 
Mechanical, Massachusetts Institute of Tech- 
nology. Three years teaching, two years power 
station, one year radio research and development 
experience. Desires position in radio or electrical 
research laboratory, near Boston, Mass. C-4275. 

SALES ENGINEER, graduate mechanicai, 
radio and business college, 33, single; speaks 
several languages; extensively traveled Europe 
and Orient, Manchuria, India, Egypt; desires 
traveling or commercial or technical work, 
where his experience will be valuable. Location 
preferred, Far East or anywhere. C-3917. 

TECHNICAL GRADUATE, 32, married. 
Varied experience including testing, electrical 
laboratory, substation operation. Five years 
meter and test engineer large industrial plant. 
Three years design, calibration and repair with 
manufacturer electrical instruments. Salary sec- 
ondary to opportunity. Location, east of Missis- 
sippi river. C-4307. 

ELECTRICAL ENGINEER, 30, married. 
B. S. ’26; over two years’ overhead distribution 
experience, estimating inspection and mainte- 
nance. Employed at present, large Eastern 
Utility. Desires connection with Public Utility 
preferably in California or Colorade. C-1629. 

ELECTRICAL DESIGNER, 33, single. Col- 
lege graduate desires position as Electrical 
Designer; eight years’ experience in power plant, 
indoor and outdoor substation design. Familiar 
with transmission line design, switchboard speci- 
fications and wiring diagrams. Location, prefer- 
ably New York City. O-343. 

GRADUATE ELECTRICAL ENGINEER 
desires position with Public Utility or industrial 
firm. Two years Westinghouse Test; three 
years assistant to Electrical Engineer of Indus- 
trial firm; five years assistant to Superintendent 
of by-product coke and water gas plant. B-8379. 

EXECUTIVE OR ELECTRICAL ENGI- 
NEER, 40, married. 14 years’ experience 
covering design, construction and maintenance 
distribution and transmission systems, substa- 
tions and generating stations, equipment sales, 
purchases, statistics and special reports. Desires 
connection with Pbulic Utility or manufacturing 
concern. Southern or Central states preferred. 
B-9480. 

ELECTRICAL AND MECHANICAL ENGI- 
NEER, 34, married. Technical University gradu- 


ate. Five years’ experience in design and con- 
struction of power plants and substations. Two 
years responsible position with electrical railway. 
Three years Public Utility. Practical type of 
man. Speaks and writes French and German 
fluently; working knowledge Spanish. Ability 
to handle men. Employed at present, available 
on reasonable notice. C-4046. 

FOREMAN (UTILITY), 30, married. Ten 
years general utility work, commercial, also 
foreman and general foreman, construction, 
operation and maintenance; lines and substations. 
Has managed large substation district with little 
supervision. Good relations with employees and 
public. Location preferred, East. C-4110. 

ELECTRICAL ENGINEER, 30, nine years 
experience; power house and substation design 
consulting experience: engineering, operating and 
distribution department, estimating, large utility 
company. Westinghouse Test Course. Will give 
return for $3600, to start, in congenial position. 
C-4257. 

TECHNICAL GRADUATE, 24, single. In 
dustrial Electrical Engineer. Two and a half 
years laboratory work; also same line construction 
experience. Desires position as sales engineer 
or installation engineer. Willing to _ travel. 
Location, immaterial. C-3818. 

CONSTRUCTION MANAGER, _§ graduate, 
fifteen years’ public utility experience, open for 
connection as construction manager, chief engi- 
neer, operating executive for operating company. 
Now in charge three and a half million dollar 
high-tension transmission line and _ substation 
project, nearing completion. Can bring complete, 
experienced organization, financial, clerical and 
technical, to handle construction force of 500 
men on power plant, transmission line, substation 
construction. A-2191. 

ELECTRICAL ENGINEER, 25, _ single. 
Technical graduate, has had experience at practi- 
cal, electrical work, Reliable, industrious, pleasing 
personality, willing to learn. Does not expect 
large salary, but desires work of a technical nature 
with good chances for advancement. C-4220. 

SALES ENGINEER AND EXECUTIVE; 
19 years’ experience in engineering and _ sales 
work. Technical training with extensive ac- 
quaintanceship in Washington, Oregon, Idaho, 
Utah and Montana. Desires connection as 
representative above territory. Highly success- 


ful sales record in the Northwest. Good pro- 
fessional and _ social connections. Married. 
Excellent personality, appearance, health. 


Resident Seattle. C-4337-83-C-3 San Francisco. 


ELECTRICAL ENGINEER, 34,'single, degree 
E. E. Desires position with engineering concern 
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of public utility requiring executive ability. Ten 
years’ experience covering engineering, design and 
valuation of power plants, substations, trans- 
mission and distribution lines. Location, East. 
B-389. 

ELECTRICAL ENGINEER, 31, desires teach- 
ing position in electrical and related subjects, as 
assistant professor or instructor. Six years’ 
experience as a teacher of electricity, physics and 
mathematics; four years as electrical designer 
and consultant; at present head -of electrical 
department of large industrial school. O-2893. 

ELECTRICAL DESIGNER, 28, single. Ten 
years’ experience on design of power and sub- 
stations; also distribution systems. Desires 
position with public utility. Location, immaterial. 
B-8628 

ELECTRICAL ENGINEER, 34, married. 
M. S. and E. E. Eleven years’ experience in- 
cluding teaching, operating department public 
utility, industrial research and design. Desires 
position having executive responsibilities with 
utility or industrial plant, where recognition is 
based on actual accomplishments. Location, 
anywhere, slight preference for West. B-7223. 


POWER, EXECUTIVE OR OPERATING 
ENGINEER, 26, single. Four years’ practical 
experience; construction and maintenance, D. C. 
power and lighting. One year substation opera- 
tion; one year sales engineer; two years receiving 
engineer, high power radio receiving station 
Desires opportunity to work into above. Loca- 
tion, South or Southeast, preferred. O-2940. 


ELECTRICAL AND MECHANICAL ENGI- 
NEER, 24, married. Graduate of 1925 with 
research experience on domestic and industrial 
oil-burners; technical and sales correspondence and 
specification work, 14% years. Research expe- 
rience on radio filters, voltage regulators, and power 
supplies 14% years. Desires connection with 
large, stable firm in sales or research department. 
C-570. 


ELECTRICAL ENGINEER, 36, married, 
University graduate. 14 years’ experience design- 
ing and supervising installation, operation and 
maintenance of industrial, coal mining and power 
plant equipment; A. C. and D. C., manual, 
magnetic and automatic control. Desires per- 
manent connection with opportunity for advance- 
ment. Location, immaterial. C-4322. 


ELECTRICAL ENGINEER, Hindu, 26, 
single. Technical graduate, American State 
University. Broad, varied experience through 
graduate student-engineering course, big, Ameri- 
can public utility. Two years operation, main- 
tenance, construction, American steam, hydro 
power plants. Well acquainted American and 


Indian languages, customs, politics. Desires 
position in India with utility or manufacturing 
company. Indian and American references. 
C-4355. 

INSTRUCTOR, 31, married, graduate Elec- 
trical Engineer. Ten years’ active teaching 


experience, both lecture and laboratory, in voca- 
tional classes, high school, college. Especially 
qualified in communications, elementary theory, 
laboratory, both procedure and maintenance. 
Practical experience with manufacturing and 
utility companies. Desires college position. 
Now employed as instructor, public utility night 
school. O-1599. 

ELECTRICAL ENGINEER, 34, single; ex- 
perienced in testing and service departments of 
manufacturing company and design and con- 
struction of power houses, sub-stations, and 
switch yards; desires position in engineering 
department of public utility or holding company. 
Location preferred, East. B-4575. 

ELECTRICAL ENGINEER, Filipino, from 
a well-known Middle West University, 25, special- 
ized in railway engineering, desires experience 
with some electrical railway concern and to 
represent them in the future in his home country. 
Available at once. Location, New York or 
Philadelphia. C-3812. 


INSTITUTE AND RELATED ACTIVITIES 


ENGINEER, EXECUTIVE, MANAGER, 
graduate Electrical Engineer, married. 14 years’ 
experience, including wide experience in account- 
ing, design, sales, production, electrical procelain; 
manager of large plant for national corporation. 
Broad knowledge of engineering materials. 
Loyalty, initiative and record of assuming re- 
sponsibility is unquestioned. Interested in busi- 
ness and management of electrical specialty. 
Can organize, manager operations efficiently 
and economically. C-3679. 


ELECTRICAL SUPERINTENDENT. Con- 
struction, operation or maintenance, on utility, 
industrial or railroad. Graduate Electrical Engi- 
neer. Licensed in the State of New York. C-3467. 


RESEARCH ENGINEER, 26, single, A. B., 
S. M. in E. E., cooperative course Massachusetts 
Institute of Technology; two years General 
Electric Company, standardizing laboratory and 
research laboratory; two years instructor in E. E. 
department Massachusetts Institute of Tech- 
nology. Interested in communication work, 
particularly vacuum tues; familiar present 
practise, experienced high vacuum technique; 
good mathematical, theoretical training. Desires 
research or development position along these 
lines. C-4364. 


ELECTRICAL ENGINEER, 26, graduate 
Electrical Engineer with 34% years’ well-balanced 
practical experience in various electrical manu- 
facturing concerns desires position with a concern 
to develop into sales managership. Has initiative 
and ability. Excelleny references. Location, 
United States. C-2644. 


CHIEF ELECTRICIAN, 28, single, desires 
position as chief electrician. Four years’ experience 
in operation, maintenance and new construction 
work around industrial plant; also experienced 
on remote control work; some telephone work, 
parkway and lead cable, pottheads. Satisfactory 
references as to character, ability and ability to 
get things done. Available immediately. Loca- 
tion, immaterial. C-2101. 


ELECTRICAL ENGINEER, university gradu- 
ate, 34, married. Ten years’ experience, design, 
operation, maintenance, testing work of manu- 
facturing and public utility companies in United 
States and Europe. Speaks and writes German 
and French. Desires position with consulting 
engineer, public utility company or manufacturer. 
Would also consider representing American 
manufacturer in Europe, Germany. B-9189. 


GRADUATE ELECTRICAL AND ME- 
CHANICAL ENGINEER, 41, married with 
15 years’ experience in various phases of industrial 
operating and engineering work, particularly in 
power applications. Desires position as Plant 
Engineer or work of a similar nature. Available 
June 15. Will go anywhere. C-4373. 


ASSISTANT EXECUTIVE of Department, 
with growing public utility or industrial company; 


graduate engineer, 32. Planning, estimating, 
budgeting, statistical, valuation, rate studies, 
production, operation, construction experience. 
B-9676. 


TECHNICAL GRADUATE, 1922. Experi- 
enced in meter testing, electrical construction and 
maintenance. Location, immaterial. Available 
at once. B-7464. 

SUPERINTENDENT OF PUBLIC UTILITY 
PROPERTY in city of 50,000 or less, or assistant 
superintendent of larger property. 15 years’ 
experience in all phases of management and 
operation, commercial, engineering, construction, 


etc. Graduate Electrical Engineer. Middle- 
west or South preferred. Available on reasonable 
notice. O-4378 


ELECTRICAL ENGINEER desires connec- 
tion leading to executive or managerial duties. 
Technical graduate with successful experience 
in organizing nationwide engineering service. 
Training would qualify for service in lines other 
then electrical. B-122. 

ELECTRICAL ENGINEER, 26, single, 1924 
graduate. 4 years’ experience in insulation re- 


search in a laboratory of a large concern. Desires 
position with a public utility in which there is 
opportunity for advancement and broad experi- 
ence, Location preferred, United States. O-4386. 


RADIO ENGINEER, B. S. and E. E. degrees. 
Experience includes radio production test in 
factory, radio development, research, carrier 
current telephone operation and maintenance, 
radio interference investigations, teaching of 
radio and electrical vocational classes, radio 
merchandising; public utility engineering. Would 
consider radio research, public utility work, sales 
engineering, along general lines of above experi- 
ence. O-4347. 


ELECTRICAL DRAFTSMAN, 24, 
desires position on power station or power dis- 
tribution work. Experience in South America; 
speaks Spanish; best references. Location, New 
York City or South America. C-4382. 


SENIOR IN ELECTRICAL ENGINEER- 
ING, of the graduating class of an Eastern Col- 
lege desires connection leading to executive or 
managerial duties. Experience: one-half year 
Crocker Wheeler motor test and assembly; 
one year General Electric Test. C-4393. 


ELECTRICAL ENGINEER, 34, experienced 
in industrial maintenance, layout and construc- 
tion. Eight years wire and cable test and 
manufacturing experience; some production and 
motor repair shop training; desires opportunity 
to prove ability. B-920. 

EXECUTIVE with broad business and manu- 
facturing experience desires connection. Has 
successfully held position of engineer, assistant 
to president, general manager in charge of manu- 
facturing and commercial business, director 
of sales and engineering and executive vice- 
president. Widely traveled, good connections 
and best of references. C-4357. 


PROFESSOR of Electrical Engineering or 
physics interested also in suitable industrial 
work. Has Ph.D. in physics and electrical 
engineering, about seven years’ teaching experi- 
ence and three years’ industrial experience. 
C-3444. 


ELECTRICAL SUPERINTENDENT, 39, 
married. Technical graduate steam and electri- 
cal engineering; 15 years’ experience hydro- and 
steam power plants, construction, operation, 
maintenance, substations, distribution, electric 
railways, and industrial mill requirements. Lo- 
cation preferred, mild climate. C-3496. 

POWER PLANT ECONOMY ENGINEER, 
A.S.M.E. and A.I.E.E., 26, single. Two 
years of general shop work, such as foundry, 
machine shop, forging and heat treatment, etc. 
Two years of general power plant experience, 
such as assembly and testing of steam and oil 
engines; turbines, their operation and mainte- 


nance; sub-station operation, etc. Location, 
California or anywhere. C-3978. 
RECENT GRADUATE, S.B. in E.E, 


Massachusetts Institute of Technology, 1927; 
honor graduate, 22, single, desires a position either 
in engineering or teaching field. One year’s 


teaching experience in large Northwestern 
University. Good habits, honest, conscientious, 
excellent references. Location, immaterial. 


Available June 15th. O-3550. 


ELECTRICAL ENGINEER, 28, single, gradu- 
ate, Scandinavian. Experience four years: 24% 
in operation of sub- and power stations and indus- 
trial service abroad; 1 14 years with electric railway 
company in United States. Knowledge of 


design and drafting. Thorough education. Lo- 
cation, immaterial C-3764. 
ELECTRICAL ENGINEER, 28, married. 


Graduate Bliss Electrical School. Two years 
assistant stationary engineer; one year as station- 
ary engineer, manufacturer; 314 years Westing- 
house Test; 14% years design large power trans- 
formers. Desires position with Public Utility 
with opportunity for expanding. Location, 
immaterial. C-3073. 
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RECOMMENDED FOR TRANSFER 


The Board of Examiners, at its meeting of 
April 4, 1928, recommended the following members 
for transfer to the grade of membership indicated. 
Any objection to these transfers should be filed 
at one with the National Secretary. 


To Grade of Member 


BAUHAN, OSCAR, Engineer, Public Service 
Elec. & Gas Co., Newark, N. J. 

BRODSKY, Designer, United Elec. Lt. & Pr. 
Co., New York, N. Y. 

BUTTERWORTH, RUSSELLI., General Supt., 
Bristol Gas & Elec. Co., Bristol, Tenn. 
CHARTIER, HAROLD S., Division Engineer, 
N. Y. Power & Light Corp., Gloversville, 

Ne Ni. 

CLARK, WALTER JOHN, Engr. of Equipment 
and Maintenance, General Elec. Co., Pitts- 
field, Mass. 

DOLPH, NORMAN L., Transmission Engineer, 
Stevens & Wood, Inc., New York, N. Y. 
EDWARDS, PAUL G., Telephone Engineer, 

American Tel. & Tel. Co., New York, N. Y. 

EVANS, JAMES M., Electrical Engineer, Board 
of Fire Underwriters, Los Angeles, Calif. 

FAIRMAN, F. E., Switchboard Specialist, 
General Electric Co., Pittsburgh, Pa. 

FALL, C. B., Sales Engineer and Owner, C. B. 
Fall Company, St. Louis, Mo. 

FELDMANN, WALTER H., Director of Sales, 
Electrical Machinery Mfg. Co., Minneapolis, 
Minn. 

FOLLINE, W. B., Switchboard Engr., General 
Elec. Co., Dallas, Texas. 

FORD, FRANK -R., Asst. Engr. of Electrical 
Design, Philadelphia Elec. Co., Philadelphia, 
Pa. 

GILLIAM, MARION W., District Manager, 
West Virginia Engg. Co., Williamson, W. Va. 

GILSON, WESLEY J., General Supt. of Pr. and 
Const., N. Y. Power & Light Corp., Schenec- 
tady, N.Y. 

GOLDHAMMER, MAX H., 
Industrial Dept., 
orks Ne We 

GOODWIN, WALTER C., Section Engineer, 
Westinghouse E. & M. Co., E. Pittsburgh, 
Pa. 

GRAF, FRANK G., General Engr., Westinghouse 
E. & M. Co., New York, N. Y. 

HEARN, GEORGE K., Service Engr., West- 
inghouse E. & M. Co., New York, N. Y. 
HONEGGER, ARNOLD, Asst. Director, Busi- 

ness Research Corp., Chicago, Il. 

HUDSON, WILLIS F., Director of Engg. 
Research, The Hoover Co., North Canton, 
Ohio. 

INAGAKY, TADA Y., President, T. Y. Inagaky 
& Co., Tokyo, Japan. 

JACOBI, EDWARD N., Chief Engineer, Briggs 
Stratton Corp., Milwaukee, Wis. 

LeCLAIR, GIFFORD, Partner in firm of 
Densmore, LeClair & Robbins, Boston, Mass. 

McFARLANE, MAYNARD L. D., Manager, 
Bartlane Dept., N. Y. Daily News, New 
York, N.Y. 

METZNER, MAXWELL W., Asst. to Super- 
visor of Tests, General Elec. Co., Erie, Pa. 

MOLLER, THURE B, Electrical Designer, 
Gibbs & Hill, New York, N. Y. 

MYERS, ALEXANDER M., Elec. 
Standard Underground Cable Co., 
burgh, Pa. 

NIMS, ALBERT A., Associate Prof. of Elec. 
Engg., College of Engineering, Newark, N. J. 

OSTERLE, WILLIAM HENRY, Division Engi- 
neer, West Penn Power Co., Connellsville, 
Pa. 

PATTON, RALPH C., President and Manager, 
Patton-MacGuyer Co., Providence, R. I. 


Sales Engr.,, 
General Elec. Co., New 


Engr., 
Pitts- 
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MEMBERSHIP —Applications, Elections, Transfers, Ete. 


RAH, JOSEPH, Chief Engineer, 7780 Dante 
Ave., Chicago, Ill. ; 

REQUE, STYRK G., Chief Engineer, Penn. Pr. 
& Lt. Co., Allentown, Pa. 
ROHRBACH, FRANKLIN L., 

Engr., Washington Water 
Spokane, Wash. 
RYMER, DONALD H., Telephone Engineer, 
American Tel. & Tel. Co., New York, N. Y. 
SCHUCH, LELAND S., Elec. Engr., Colorado 
Portland Cement Co., LaPorte, Colo. 
SEELEY, WALTER J., Associate Prof. of Elec. 
Engr., Duke University, Durham, N. O. 
SHARPE, CLARENCE B., District Operating 
Engr., Hydro Electric Pr. Comm. of Ontario, 
Toronto, Ont., Canada. 


Maintenance 
Power Co., 


SNOOK, WARD H., Consulting Engr., 40 West: 


Gay St., Columbus, Ohio. 

SWIFT, HERBERT A., Chief Estimator, 
Toronto Hydro Electric System, Toronto, 
Ont., Canada. 

TAYLOR, DONALD W., Asst. Elec. Engr., 
Public Service Production Co., Newark, N. J. 

TERRY, FRANCIS M., Chief Asst. to Rate 
Engr., New York Edison Co., New York, 
N.Y. 

THOMPSON, FRANCIS R., Railway Engr., 
Westinghouse Elec. & Mfg. Co., E. Pitts- 
burgh, Pa. 

TOWNSLEY, FREELAND P., General Super- 
visor of Equipment Practices, Western Elec. 
Co., Kearny, N. J. 

Van VEEN, JOHN, Chief Operator, Elec. Prod. 
Dept., Union Gas & Elec. Co, Cincinnati, 
Ohio. 

WAHLBERG, NILS A., Section Engineer, 
Westinghouse E. & M. Co., Derry, Pa. 

WALDINGER, HENRY, Elec. Engr, and 
Master Electrician, Press Publishing Co., 
New York, N. Y. 

WARREN, WILLIAM H., Equipment Engineer 
for Spain, International Tel. & Tel. Corp., 
Madrid, Spain. 

WIMMER, JOSEPH, Transmission Engineer, 
Pacific Tel. & Tel. Co., Spokane, Wash. 
WINEGARTNER, CARL E., Elec. Engg. Dept., 

Cleveland Elec. Illum. Co., Cleveland, Ohio. 


WINTERHALTER, THEODORE S&., Asst. 
Engr., Public Service Prod. Co., Newark, 
N.J. 


WOOTTOON, THOMAS W., Senior Designing 
Engr., Duquesne Light Co., Pittsburgh, Pa. 


WRIGHT, GEORGE I., Engineer Electric 
Traction, Reading Co., Philadelphia, Pa. 


APPLICATIONS FOR ELECTION 


Applications have been received by the Sec- 
retary from the following candidates for election 
to membership in the Institute. Unless other- 
wise indicated, the applicant has applied for ad- 
mission as an Associate. If the applicant has 
applied for direct admission to a higher grade 
than Associate, the grade follows immediately 
after the name. Any member objecting to the 
election of any of these candidates should so 
inform the Secretary before May 31, 1928. 


Allen, R. W., Georgia School of Technology, 
Atlanta, Ga. 

Almquist, C. T., Colorado Agricultural College, 
Fort Collins, Colo. 

Appleton, F. W., (Member), New York Telephone 
Co., New York, N. Y. 

Archer, E. G., Ontario Hydro-Electric Com- 
mission, Toronto, Ont., Can. 
(Applicant for re-election.) 

Baker, T. S., Radio Corp. of America, Bolinas, 
Calif. 

Balp, E., General Electric Co., Pittsfield, Mass. 

Belinge, R. A., East Bay Cities Rate Dept., 
Oakland, Calif. 
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SUT 


Bell, F. A., Jr., Mississipppi Power & Light Co., 
Jackson, Miss. 

Bird, B., Westinghouse Elec. & Mfg. Co., East 
Springfield, Mass. 

Boothe, M. C., Western Electric Co., Chicago, 1] 

Bourland, L. T., University of [linois, Cham- 
paign, Ill. 

Bowen, R. G., Bell Telephone Laboratories ,Inc., 
New York, N. Y. 

Brand, C. R., Buffalo Electric Co., Buffalo, N. Y. 

Brane, M. DeF., Atmospheric Nitrogen Co., 
Solvay, N. Y. 

Buss, C. W., Public Service Co. of No. Illinois, 
Evanston, Ill. 

Carpenter, E. M., Milestone Electric Light Works, 
Milestone, Sask., Can. 

Clement, C. W., Hydro-Electric Plant, Bridgeport, 
Calif. 

Cline, H. D., Mountain States Tel. & Tel. Co., 
Bozeman, Mont. 

Coleman, J. F., Champion Fibre Co., Canton, 
N.C 

Connell, A. C., Commonwealth Power Corp., 
Jackson, Mich. 

Cowling, D. R. G., Canadian National Telegraphs, 
Toronto, Ont., Can. 

Daugherty, J. E., Bear Valley Utility Co., Los 
Angeles, Calif. . 

Dennis, R. E., Columbia Engg. & Management 
Corp., Cincinnati, Ohio 

Dietz, W. F., Westinghouse Elec. & Mfg. Co., 
Washington, D. C. 

Dreischmeyer, E. 8., San Joaquin Light & Power 
Corp., Fresno, Calif. 

Eckert, C. C., National Lamp Works, G. E. Co., 
Nela Park, Cleveland, Ohio 

Engelbrecht, H. K., Southern Sierras Power Co., 
Riverside, Calif. 

Erskine, A. J., Milwaukee Electric Railway & 
Light Co., Milwaukee, Wis. 

Faust, C. W. H., General Electric Co., Philadel- 
phia, Pa. 

Fox, R. C., Regina Dental Laboratory, Regina, 
Sask., Can. 

Glenn, T. G., General Electric Co., Chicago, Ill. 

Grossman, M. L., American Machine & Foundry 
Co., Brooklyn, N. Y. 

Haggart, G. J., Canadian General Electric Co., 
Peterboro, Ont., Can. 

Harvey, L. B., Porcelain Insulator Corp., Lima, 
INGSYE 

Heard, R. P., 34 Harold Ave., San Francisco, 
Calif. 

Hoffman, J. P., Jr., Bell Telephone Laboratories, 
Inc., New York, N. Y. 

Howard, C. G., Fansteel Products Co., North 
Chicago, Ill. 

Hu, Zai-Hsiang, New Jersey Bell Telephone Co., 
Newark, N. J. 

Hyatt, W. R., Canadian General Electric Co., 
Toronto, Ont., Can. 

Johnson, E. D., (Member), Bell Telephone 
Laboratories, Inc., New York, N. Y. 

Jones, A. L., Fostoria Glass Co., Moundsville, 
W. Va. 

Kelly, E. J.. New York Light & Power Co., 
Glens Falls, N. Y. 

Kern, B. B., Penn. Power & Light Co:, Danville, 
Pa. 

Kirkpatrick, P. W., Elec. Engr. with H. S. Sands, 
Denver, Colo. 

Koerner, C. A., Delta-Star Electric Co., Chicago, 
pi 

Krudop, H. F., General Electric Co., Fort Wayne, 
Ind. 

Kushlan, M., (Member), Stone & Webster, Inc., 
Boston, Mass. 

Laird, A. M., Scranton Electric Co., Scranton, Pa. 

Ludwig, L. R., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 
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MacBurney, A. C., New York Power & Light 
Corp., Amsterdam, N. Y. 

Marzulli, A. M., University of Cincinnati, Cin- 
cinnati, Ohio 

Mathis, A. B., Atchison, Topeka & Santa Fe 
Railway Co., Los Angeles, Calif. 

Maynard, H. M., (Member), Brooklyn Edison 
Co., Brooklyn, N. Y. 

McAfee, H. E., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

McCloskey, D. J., Consulting Engineer, Salem, 
IN Side 

McDonald, R., Weston Electrical Instrument 
Corp., Waverly Park, Newark, N. J. 

MeJilton, D., Electrical & Radio Equipment Mfg., 
Chicago, Ill. 

McwWhan, B., Bell Telephone Laboratories, Inc., 
New York, N. Y. 
Miller, C. I., Industrial 

Cleveland, Ohio 
Morris, R. M., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 
Mulbacher, L. J., Western Electric Co., Chicago, 


Brownhoist Corp., 


Ill, 
O'Clare, A. R., Cuba Mail S. S. Co., New York, 
ING 


Ogden, F. P., (Member), Mountain States Tel. 
& Tel. Co., Denver, Colo. 

Peck, J. M., Porcelain Insulator Corp., Lima, 
INT 

Penzickes, C., Westinghouse Elec. & Mfg. Co., 
East Pittsburgh, Pa. 

Perry, E. H., Worcester Electric Light Co., 
Worcester, Mass. 

Perry, G. E., Johns Manville Corp., Manville, 


Nero 

Pethick, F. C., D. L. & W. R. R. Co., Scranton, 
Pa. 

Philips, J. H., (Member), Oklahoma Gas & 


Electric Co., Oklahoma City, Okla. 

Pickell, C. A., General Railway Signal Co., 
Rochester, N. Y. 

Reid, F. H., (Member), Mountain States Tel. & 
Tel. Co., Denver, Colo. 

Reid, R., (Member), Mountain States Tel. & 
Tel. Co., Denver, Colo. 

Rextrew, W. C., General Electric Co., 
delphia, Pa. 

Rowdabaugh, S. C., Byllesby Engineering & 
Management Corp., Pittsburgh, Pa. 

Ruckagauer, A. E., Electric Bond & Share Co., 
New York, N. Y. 

Ruiz, A. R., Consulting Engineer, Havana, Cuba 

Rutherfurd, G. R., So. California Telephone Co., 
Los Angeles, Calif. 
(Applicant for re-election.) 


Phila- 
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Schoenfeld, L. W., Philadelphia Electric Co., Berry, Wayne S., Worcester Polytechnic Inst. 


Philadelphia, Pa. 

Schultz, J. C., Omaha Council Bluffs St. Railway 
Co., Omaha, Nebr. 

Schwarzler, C., Jr., Protective Fuse & Plug Corp., 
Passaic, N. J. 

Seymour, N. F., Hydro-Electric Power Com- 
mission, Toronto, Ont., Can. 

Smith, F. J., University of Minnesota, Minne- 
apolis, Minn. 

Smith, M. W., Tri-State Tel. & Tel. Co., St. Paul, 
Minn. 

Stanley, G. W., Frazee Organ Co., Everett, Mass. 

Switzer, R. H., Canadian General Electric Co., 
Toronto, Ont., Can. 

Taylor, H. L., Department of Public Works, 
Vancouver, B. C. 
(Applicant for re-election.) 

Traub, L. A., Home Tel. & Tel. Co., Spokane, 
Wash. 

Travers, J. E., Pratt Institute, Brooklyn, N. Y. 

Weichel, P. F., Scranton Electric Co., Scranton, 
Pa. 

Wiegand, F. J., Dept. of City Transit, City of 
Philadelphia, Philadelphia, Pa. 

Young, H. E., Scranton Electric Co., Scranton, 
Pa. 

Total 91. 

Foreign 


Andrews, R. C. P., Otago Electric Power Board, 
Dunedin, N. Z. 

Bobrovsky, L. S., Svir Hydro-Electric Develop- 
ment, Svirstroi, Russia 

Cave, P. W., Macintosh Cable Co., Ltd., Walton, 
Liverpool, Eng. 

Chinoy, P. N., Empress Mills, Nagpore, C. P. 
India 

Clark, J. G., Cathcart Municipality, Cathcart, 
So. Africa 

Dalgleish, J. W., Metropolitan-Vickers Co., Ltd., 
Trafford Park, Manchester, Eng. 

MeVea, D. C., Public Works Dept., 
N.S. W., Aust. 

Ramasawmi, A. V., Bellary Municipal Electrical 
Works, Bellary, So. India 

Ramos, G. deA., Sao Paulo Tramway, Light & 
Power Co., Ltd., Sao Paulo, Brazil, S. A. 

White, S. H., Public Works Dept., Sydney, N. S. 
W., Aust. 

Yates, L. H., Public Works Dept., 
N.S. W., Aust. 

Total 11. 


Sydney, 


Sydney, 


STUDENTS ENROLLED 


Arnhols, Arendt J., Cooper Union 
Bagdon, Joseph A., Brown University 


Bishofberger, Carl J., University of Wisconsin 

Brown, William H., North Carolina State College 

Caruso, Carmine, Cooper Union 

Christman, Francis J., University of Illinois 

Curtis, Arthur E., Jr., McGill University 

Davis, Edward W., University of Louisville 

DeLanty, Loren J., Cooper Union 

DeVoe, Frank K., Cooper Union 

Di Fusco, F. J., Cooper Union 

Edwards, Robert J., Northeastern University 

Fethi, I. 8., Cooper Union 

Figiel, Walter J., Cooper Union 

Fruhner, Ernest T., Cooper Union 

Guillory, Ural, Louisiana State University 

Hammit, Harry C., Virginia Polytechnic Institute 

Harris, Herbert, Cooper Union 

Heney, Frederick G. G., McGill University 

Henschel, Wilfred, Cooper Union 

Holdgrafer, Vincent H. J., Montana State College 

Jenkins, Jett M., University of Florida 

Lambdin, James H., Mississippi Agri. & Mech. 
College © 


Lanterman, W. F., Purdue University 

Levinton, Harold L., Mass. Institute of Tech. 

Lore, William E., Univefsity of Michigan 

Lyle, Edwin A., Jr., Mississippi Agri. & Mech. 
College 

Mellrud, Harold E., State College of Washington 

Metcalf, G. F., Purdue University 

Millis, Walter T., University of Pittsburgh 

Nazor, Hugh M., University of Louisville 

O‘Hara, Eric, University of Cincinnati 

Orovan, Herman E., Cooper Union 

Perley, Ernest C., McGill University 

Piche, Armand A., University of Vermont 

Richardson, John M., McGill University 

Robeson, James M., Union College 

Rudiger, Carl E., Cooper Union 

Rupert, Haroid B., Purdue University 

Salma, Emanuel A., Cooper Union 

Schaub, Wallace R., Cooper Union 

Shafer, Wilson E., Virginia Polytechnic Institute 

Sumption, Henry C., Virginia Polytechnic Inst. 

Tallman, F. H., Cooper Union 

Tayek, Reuben J., Engg. School of Milwaukee 

Thomas, Robert H., Jr., Virginia Polytechnic Inst. 

Towne, Robert L., Worcester Polytechnic Inst. 

Walsh, Thomas N., University of Texas 

Warren, Charles T., Jr., Georgia School of Tech. 

Winans, Roswell R., Newark College of Engg. 

Wunsch, Benjamin A., University of Wisconsin 

Yang, Jay Y., Swarthmore College 

Zamora, Lorenzo, Engg. School of Milwaukee 


Total 54. 
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OFFICERS A. I. E. E. 1927-1928 


President 
BANCROFT GHERARDI 


Junior Past Presidents 
M. I. Pupin 


Vice-Presidents 
O. J. FERGUSON 


E. R. NORTHMORE 
J. L. BEAVER 

A. B. COOPER 

C. O. BICKELHAUPT 


C. C. CHESNEY 


H. M. Hopart 
B. G. JAMIESON 
GerorGE L. KNIGHT 
H. H. ScHOOLFIELD 


A. E, Bettis 
Managers 
Joun B. WHITEHEAD 


J. M. Bryant 
E. B. MERRIAM 


I. E. MouLTRoP 
H. C. Don Cartos 
F. J. CHESTERMAN 


M. M. Fow.Ler F. C. HANKER 
H. A. KIDDER E. B. MEYER 
E. C. STONE H. P. LiversipGEe 


National Treasurer 
GrorceE A. HAMILTON 


National Secretary 
F. L. HUTCHINSON 
Honorary Secretary 
Ratpy W. Pore 


LOCAL HONORARY SECRETARIES 
T. J. Fleming, Calle B. Mitre 519, Buenos Aires, Argentina, S. A. 


H. W. Flashman, Aus. Westinghouse Elec. Co. Ltd., Cathcart House, 
11 Castlereagh St., Sydney, N. S. W., Australia. 


F. x Serre Rio de Janeiro Tramways, Light & Power Co., Rio de Janeiro, 
razil. 


Charles le Maistre, 28 Victoria St., London, S. W. 1, England. 

A. S. Garfield, 45 Bd. Beausejour, Paris 16 E., France. 

F, W. Willis, Tata Power Cotnpanies, Bombay House, Bombay, India. 
Guido Semenza, 39 Via Monte Napoleone, Milan, Italy. 

P. H- Powell, Canterbury College, Christchurch, New Zealand. 

Axel F Enstrom, 24a Grefturegatan, Stockholm, Sweden. 

W. Elsdon-Dew, P. O. Box 4563, Johannesburg, Transvaal, Africa. 


A. I. E. E. COMMITTEES 


(A \ist of the personnel of Institute committees may be found in the January 
issue of the JOURNAL.) 


GENERAL STANDING COMMITTEES AND CHAIRMEN 
EXEcuTIVE, B. Gherardi 
Finance, H. A. Kidder 
MEETINGS AND Papers, H. P. Charlesworth 
PUBLICATION, E. B. Meyer 
CoorDINATION OF INSTITUTE ActiviTI£s, G. L. Knight 
BOARD OF EXAMINERS, E. H. Everit 
Sections, W. B. Kouwenhoven 
STUDENT BRANCHES, J. L. Beaver 
MemBersuip, E. B. Merriam 
HEADQUARTERS, G. L. Knight 
Law, C. O. Bickelhaupt 
Pustic Poricy, H. W. Buck 
STANDARDS, J. Franklin Meyer 
Epison MeEpAt, M. I. Pupin 
CoDE OF PRINCIPLES OF PROFESSIONAL CONDUCT, John W. Lieb 
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CoL_umBIA UNIVERSITY SCHOLARSHIPS, W. I. Slichter 
AwarD OF INSTITUTE PrizEs, H. P. Charlesworth 
SAFETY CopEs, J. P. Jackson 


SPECIAL COMMITTEES 


ADVISORY COMMITTEE TO THE MUSEUMS OF THE PEACEFUL Arts, J. P. Jackson 
LICENSING OF ENGINEERS, Francis Blossom 


TECHNICAL COMMITTEES AND CHAIRMEN 


AUTOMATIC STATIONS, Chester Lichtenberg 

Communication, H. W. Drake 

EpucatTion, P. M. LIncoLn 

ELECTRICAL MACHINERY, F. D. Newbury 

ELEcTRIC WELDING, J. C. Lincoln 

ELECTROCHEMISTRY AND ELECTROMETALLURGY, George W. Vinal 
ELectropuysics, V. Karapetoff 

INSTRUMENTS AND MEASUREMENTS, Everett S. Lee 
APPLICATIONS TO IRON AND STEEL PRODUCTION, A. G. Pierce 
PRODUCTION AND APPLICATION OF LiGHT, Preston S. Millar 
APPLICATIONS TO MARINE Work, W. E. Thau 
APPLICATIONS TO MINING Work, W. H. Lesser 

GENERAL POWER AppLicaTions, A. M. MacCutcheon 
POWER GENERATION, W. S. Gorsuch 

POWER TRANSMISSION AND DISTRIBUTION, Philip Torchio 
PROTECTIVE Devices, F. L. Hunt 

RESEARCH, F. W. Peek, Jr. 

TRANSPORTATION, J. V. B. Duer 


A. I. E. E. REPRESENTATION 


(The Institute is represented on the following bodies; the names of the repre- 
sentatives may be found in the January issue of the JOURNAL.) 
AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE, COUNCIL 
AMERICAN BUREAU OF WELDING 
AMERICAN COMMITTEE ON ELECTROLYSIS 
AMERICAN ENGINEERING COUNCIL 
AMERICAN ENGINEERING STANDARDS COMMITTEE 
AMERICAN MARINE STANDARDS COMMITTEE 
AMERICAN YEAR Book, ADVISORY BOARD 
BOARD OF TRUSTEES, UNITED ENGINEERING SOCIETY 
CHARLES A. COFFIN FELLOWSHIP AND RESEARCH FUND COMMITTEE 
COMMITTEE OF APPARATUS MAKERS AND USERS, NATIONAL RESEARCH COUNCIL 
COMMITTEE ON ELIMINATION OF FATIGUE, SOCIETY OF INDUSTRIAL ENGINEERS 
ENGINEERING FOUNDATION BOARD 
JouN Fritz MEDAL BoAarD oF AWARD 
Joint COMMITTEE ON WELDED RAIL JOINTS 
JOINT CONFERENCE COMMITTEE OF FouR FOUNDER SOCIETIES 
LIBRARY BOARD, UNITED ENGINEERING SOCIETY 
NATIONAL FIRE ‘PROTECTION ASSOCIATION, ELECTRICAL COMMITTEE 
NATIONAL FIRE WASTE COUNCIL 
NATIONAL RESEARCH COUNCIL, ENGINEERING DIVISION 
NATIONAL SAFETY COUNCIL, ELECTRICAL COMMITTEE OF ENGINEERING SECTION 
Tue NEWCOMEN SOCIETY 
Rapio ADVISORY COMMITTEE, BUREAU OF STANDARDS 
SocIETY FOR THE PROMOTION OF ENGINEERING EDUCATION, BOARD OF INVESTI- 
GATION AND COORDINATION 


U. S. NaTIONAL COMMITTEE OF THE INTERNATIONAL ELECTROTECHNICAL 
ComMISSION 

U. S. NaTIONAL COMMITTEE OF THE INTERNATIONAL ILLUMINATION Com-_ 
MISSION 


WASHINGTON AWARD, COMMISSION OF 


LIST OF SECTIONS 


Name Chairman Secretary 

Akron A. L. Richmond W. A. Hillebrand, Ohio Insulator 
Co., Akron, Ohio 

Atlanta T. H. Landgraf D. H. Woodward, Amer. Tel. & 
Deli econ 938 Hurt Bldg., 
Atlanta, Ga. 

Baltimore W.B.Kouwenhoven R. T. Greer, Madison St. Building, 
Baltimore, Md. 

Boston E. W. Davis W. H. Colburn, 39 Boylston St., 
Boston, Mass. 

Chicago B. E. Ward L. J. Vanhalanger, Conway Build- 
ing, Chicago, Ill. 

Cincinnati R. C. Fryer Leo Dorfman, Westinghouse Elec. 
& Mfg. Co., Cincinnati, Ohio 

Cleveland A. M. Lloyd E. W. Henderson, 1088 Ivanhoe 
Road, Cleveland, Ohio : 

Columbus F. C. Nesbitt W.E. Metzger, Interurban Termi- 
nal Bldg., Columbus, Ohio 

Connecticut A. E. Knowlton Reo G, Warner, Yale "University, 
New Haven, Conn. 

Denver A. L. Jones R. B. Bonney, Telephone Bldg., 
P. O. Box 960, Denver, Colo. 

Detroit-Ann Arbor F. H. Riddle Prof. A. H. Lovell, University of 
Michigan, Ann Arbor, Mich. 

Erie L. H. Curtis C. P. Yoder, Erie County Elec. 
Co., Erie, Pa. 

Fort Wayne P. O. Noble F. W. Merrill, General Elec. Co., 
Fort Wayne, Ind. 

Indianapolis-Lafayette C.A. Fay Herbert Kessel, Fairbanks Morse 

: & Co., Indianapolis, Ind. 

Ithaca R. F. Chamberlain H. H. Race, Cornell University, 
eae N.Y. 

Kansas City S. M. DeCamp B. J. George, Kansas City Pr. & 

t. Co., Kansas City, Mo. 
Lehigh Valley M. R. Woodward G. W. Brooks, Pennsylvania Pr. 


& Lt. Co., 901 Hamilton St., 
Allentown, "Pa. 

H. L. Caldwell, Bureau of Light & 
Power, Los Angeles, Cal. 


Los Angeles L. C. Williams 


Name Chairman Secretary 

Louisville D. C. Jackson, Jr. N. C. Pearcy, 1631 Deer Lane, 
Louisville, Ky. 

Lynn W. F. Dawsor V. R. Holmgren, Gen. Elec. Co., 
oe 64 G, Lynn, Mass. 

Madison J. T. Rood J. Hunt, D. W. Mead and 
“es V. Seastone, State Journal 
Bldg., Madison, Wis. 

Mexico B. Nikiforoft E. D. Luque, Providencia 520, 
Colinia Del Valle, Mexico, D. F., 
Mexico ; 

Milwaukee John D. Ball Wm. J. Ladwig, Wisconsin Tel. 
a 418 Broadway, Milwaukee, 

Minnesota J. E. Sumpter Gite: Cooley, Rice & Atwater. 
St. Paul, Minn. 

Nebraska N. W. Kingsley Roy Hagen, General Electric Co., 
Omaha, Nebraska 

New York L. W. W. Morrow J. B. Bassett, General Elec. Co., 


120 Broadway, New York, N. Y. 
E. P. Harder, 205 Electric Build- 
ing, Buffalo, N. Y 


Niagara Frontier L. E. Imlay 


Oklahoma Edwin Kurtz B. A. Fisher, Oklahoma A. & M 
College, Stillwater, Okla. 

Panama L. W. Parsons M. P. Benninger, Box 174, Balboa 
Heights, C. Z. 

Philadelphia I. M. Stein R. H. Silbert, 2301 Market St., 
Philadelphia, Pa. 

Pittsburgh W. C. Goodwin H. E. Dyche, University of Pitts- 
burgh, Pittsburgh, Pa. 

Pittsfield H. O. Stephens F. R. Finch, General Electric 


Co., Pittsfield, Mass. 


L. M. Moyer, General Electric 
Co., Portland, Ore. 


F. W. Smith, Blackstone Valley 
Set & Electric Co., Pawtucket, 


Portland, Ore. J. E. Yates 


Providence F. N. Tompkins 
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LIST OF SECTIONS—Continued 


Name Chairman Secretary Name 
Rochester R. D. De Wolf C. C. Eckhardt, Igrad Condenser Syracuse 
& Mfg. Co., 26 Ave. D, Rochester, 
; N. Y. F : Toledo 
St. Louis L. F. Woolston L. P. Van Houten, 2670 Washing- 
ton Boulevard, St. Louis, Mo. 
San Francisco W. L. Winter A. G. Jones, 807 Rialto Bldg., San Toronto 
Francisco, Calif. 
Saskatchewan J. D. Peters W. P. Brattle, Dept. of Tele- 


phones, Telephone Bldg., Re- Urbana 
gina, Sask., Canada 

Schenectady T. A Worcester R. F. Franklin, Room 301, Bldg. 
No. 41, General Elec. Co., Utah 
Schenectady, N. Y 


Seattle Cc. R. Wallis Ray Rader, Puget Sound Pr. & 
Lt. Co., Seattle, Wash. Vancouver 
Sharon H. B.West H. B. West, Westinghouse Elec. 
& Mfg. Co, Sharon, Pa. 
Southern Virginia W. S. Rodman ‘fe Pr Miller, Box 12, University Washington, D. C. 


a. 
Spokane L. R. Gamble cane ahs iene washington 
ater Power Co., Lincoln 
Trent, Spokane, Wash. Worcester 


Springfield, Mass. C. A. M. Weber B. V. K. French, American Bosch 
Magneto Corp. + Springfield, 
Mass. Total 52 


LIST OF BRANCHES 


Chairman Secretary 
C. E. Dorr F. E. Verdin, 615 City Bank Bldg., 
Syracuse, N we 
T. J. Nolan Max Neuber, 1257 Fernwood Ave., 
Toledo, Ohio 
C. E. Sisson F. F. Ambuhl, Toronto Hydro- 


Elec. System, 226 Yonge St., 
Toronto, Ont., Canada 

J. O. Kraehenbuehl J. K. Tuthill, 106 Transportation 
Bldg., University of Illinois, 
Urbana, IIl. 

Daniel L. Brundige C. B. Shipp, General Electric Co., 
Salt Lake City, Utah 


ANC. Ri vu J. Teasdale, British Columbia 
Elec. Railway Co., Vancouver, 
B. C., Canada 

M. G. Lloyd H. E. Bradley, Potomac Elec. 


Pr. Co., 14th & C Sts., N. W., 
Washington, D. C. 


Guy F. Woodward F. B. Crosby, Morgan See 


tion Co., 15 Belmont St., 
cester, Mass. 


Counselor 

Name and Location Chairman Secretary (Member of Faculty) 
Akron, Municipal University of, Akron; Olt0 nsec cee « cferciets cle clive + ticre cs elelea cretels C. R. Delagrange P. W Bierman J. T. Walther 
Alabama Polytechnic: Institute, “Auburn, Alaviin seo ole ccc wlecee cselslcnevete ve cletal-exeh ate ers C. T. Ingersoll W. P. Smith W. W. Hill 
Alabama; University of; University, Alay cc. ccc clers cloetete stviciels ote osihalere toleiere Sewell St. John J. M. Cardwell, Jr. 
Arizona, University: of, "Tucson: Ariz) ..aerssei se cietereiowelelers’s eles ielebeinte «.cleleleiarentiee's Gary Mitchell Audley Sharpe J. C. Clark 
Arkansas, University of, Fayetteville; Arles. 0) 15 ais ais) « rece it's ae ae ©) 5) lel cl cele ee) W.H. Manan, Jr. Dick Ray W. B. Stelzner 
Armour Institute of Technology, 3300 Federal St., Chicago, Ill................ L. J. Anderson H. T. Dahlgren D. P. Moreton 
Brooklyn Polytechnic Institute, 99 Livingston St., Brooklyn, N. Y............. James Brown F. W. Campbell Robin Beach 
Bucknell: University, Lewisburg, Pas ccc coca relate attire ote. avelt yo el clnlisifeneicVeusteiciaire orien G. B. Timm A. C. Urffer W.K Rhodes 
California Institute of Technology, Pasadena, Calif.......... 2.2... cee ee ce eeee J. W. Thatcher J: G. Kuhn R. W. Sorensen 
California, University,of, Berkeley Calific ries sv s/o lef lereta ctetol Atstare ei cleeloietoteyetoleys John F. Bertucci Nathan C. Clark T. C. McFarland 
Carnegie Institute of Technology, Pittsburgh, Pa.............. 0. cece ee eeeeee N. D. Cole J. H. Ferrick B. C. Dennison 
Case School of Applied Science, Cleveland, Ohio.............. 0 cece ee eeee W.A. Thomas J. O. Herbster H. B. Dates 
Catholic University of America, Washington, D. C................0 ecu sevens J. V. O’Connor R. H. Rose T. J. MacKavanaugh 
Cincinnatis UNiVersity.Of, Cincinn atin Ole tins ele cre crete etorareie ys raleversyereictd serait aistoayele C. E. Young W. C. Osterbrock W. C. Osterbrock 
Clarkson College of, Lechnology,, Potsdam, Nek inc recresste a1 e:8)olekslevos busters co's eie erarcl G. L. Rogers J. S. Loomis A. R. Powers 
Clemson Agricultural College, Clemson College, S. C........... eee cease eee A. P. Wylie W. J. Brogdon S. R. Rhodes 
Colorado wUniversity Of, Boulder |Colomncieve iors eve ovine ievelers eit ele love ereieleteveielsiait ciate’ J. A. Setter H. R. Arnold W.C. DuVall 
Colorado State Agricultural College, Fort Collins, Colo............e eee ee eeee Harold Groat Howard Steinmetz H. G. Jordan 
Coopers nian New =Ork, iNet ist sin vicic oteteravelarereye leis actovsiniey atouate ciofeietsletehslalenstoth ters E. T. Reynolds Wilfred Henschel N. L. Towle 
WenversUniversity Ol, Wenvers GolOy cr. oyev-/ctectsinia ele toiecs ore aie orale tieasrnre etal sree reatehs G. K. Baker L. L. Booth R. E. Nyswander 
Drexel Institute, Philadelphia; Pa cccts o.d<syore.re. 2 @ susrscareva ses spove « blolstsisiersracayayerarvigtere ers J. E. Young C. J. Backman E£. O. Lange 
WukesUniversity, Murnanis Noi GC sotics.c wis: -fokes ofeeticereiee veteyeteeim ciniet teasers er tcrelatons O. T. Colclough F. A. Bevacqua W. J. Seeley 
Blorida su niversity7Or. Gainesville, yb 1a cts .ccet nie s/ayete seuss avis sole, sre, etetene va, starelnve ate W. H. Johnson A. C. Dean J. M. Weil 
Georgia School of Technology, Atlanta, Ga... 1.260550. e cnc emmnsccs seein: J. A. Hart O. P. Cleaver E. S. Hannaford 
NAGANO MU DIVELSILV Ol, VL OBCOW)s LGA NO ctepe ciate ond (elei vie cutie! ot ololeleleieinis <vecreteleteteretemn sale R. G. Elliott F. B. Peterson J. H. Johnson 
RowarstaterColepe Aires: LO War cs rrese evens ters ole ohaGiciels of cleselsnstonsieus ake otbtone oietaretotere W. H. Curvin W. H. Stark F. A. Fish 
Lowa, state University of; Lowa City; Lowi osc 5 ccisjeieie 00s is 010 Weis.» «6 slajeis «e151 F. L. Kline M. B. Hurd A. H. Ford 
Kansas state College, Manhattan, Kansas. clic cece cscs als ccc's © scl le eicleitetsials iets R. D. Bradley E. C. Shenk R. G. Kloeffler 
Kansas, University of, "Lawrence, Kans: .cccc.c1 nie oieleleiiei ae wilele ole esis marae leis R. M. Alspaugh W. A. Wolfe G. C. Shaad 
Kentucky, University of, Lexington, Koy. .<.2 5s 010 5 <icis ayslorel sieieveie/vicle ovssereve eieisie aie aie H. M. Otto D. M. James W. E. Freeman 
Batayette: College, MAastony, lan ccraresi sr thse rere ie iatet eleva ccvterey areusio sive lolssalche afetersteremeeyee John W. Dagon H. W. Lovett Morland King 
LehighsUnivorsitys Detmlienemisn bE aic:. cca -fjscehcofoieisvekpioionaletornt city olecletervvalors avahetensiensts H. C. Towle, Jr. W. D. Goodale, Jr. J. L. Beaver 
Mewis institutes © Dich Opt ilorrhs cars siorejerss o/s aha: aicisisvedepoueleterer el oraa ais RMelsrere ce tralere oe eV A. R. Sansone G. M. Berg F. A. Rogers 
Louisiana State University, Baton Rouge, La........... 0... cece eee ee eee R. C. Alley Henry Joyner M. B. Voorhies 
Maines UNIVOrSity, Of OLONO;, MAING eis cise) sersiere sl o's oosiosticta iol wibie biesetorshene axeueserere R. F. Scott E. W. Jones Wm. E. Barrows, Jr. 
Marquette University, 1200 Sycamore St., Milwaukee, Wis................000- J. R. Adriansen H. J. Lavigne J. F. H. Douglas 
Massachusetts Institute of Technology, Cambridge, Mass.................0005 W. M. Hall H. F. Krantz W.H. Timbie 
Michigan State College, East Lansing, Mich...............ccccecccecceceees K. E. Hunt S. W. Luther L. S. Foltz 
Michigan, University of, Ann Arbor, Mich...............sceccecssase eaafensteisye L. J. VanTuyl W. E. Reichle B. F. Bailey 
Milwaukee, Engineering School of, 415 Marshall St., Miwatient Wis teens ene Joseph Havlick Adney Wyeth John D. Ball 
Minnesota, University of, Minneapolis, Minn............... 0c cee cece e eee eee G. C. Brown G. C. Hawkins H. Kuhlmann 
Mississippi Agricultural & Mechancal College, A. & M. College, Miss.......... H. M. Stainton R. S. Kersh L. L. Patterson 
Missouri School of Mines & Metallurgy, Rolla, Mo.................2.-000: H. H. Brittingham E. J. Gregory I. H. Lovett 
Missouri, University of, Columbia Mowe svoaicrere seit cvevens sete sitaiaterer eis te eer mraler erate C. E. Schooley W. D. Johnson M. P. Weinbach 
Montana state College; Bozemani Mont s..ssiciwcieas cine scerereetelelert ties aleve ne eters W. F. Kobbe G. E, West J. A. Thaler 
Nebraska, Universityxol Lincoln wiNe@Dsjcua cv scsi sistecsieeie lovelies cls aece sis elo caelemea aie W. A. Van Wie Keith Davis F. W. Norris 
INGVAda; UMIVErsitVy cols ENO, NOVAS. ois even clapaiaie ciclo /4°S olsatiy ol cialeueicwietere Mine Cte tole K. K. Knopf Clark Amens S. G. Palmer 
Newark College of Engineering, 367 High St., Newark, New Jersey..... ...... E. S. Bush Henry L. Harrison J. C. Peet 
New: Hanpshire, Universityof, Durham: Nails. .cc.cioc celee ins, ntiee occleievare earls S. S. Appleton H. B. Rose L. W. Hitchcock 
New York, College of the City of, 139th St. & Convent Ave., New York, N. Y....Joseph Leipziger A. H. Rapport Harry Baum 
New York University, University Heights, New York, N. Y.............-.000- J. F. Torpie R. J. Fluskey J. Loring Arnold 
North Carolina State College, Raleigh, N. C....c. cc cece cece ccc wesc escecs J. C. Davis T. C. Farmer C. W. Ricker 
North Carolina, University of, Chapel Hill, N. C...2.... 0. .cscssescercvesencs J. D. McConnell W. C. Burnett P. H. Daggett 
North Dakota, University of, University Station, Grand Forks, N. D........... Alfred Botten Nels Anderson D. R. Jenkins 
Northeastern University, 316 Huntington Ave., Boston 17, Mass............+- L. A. Smith C. S. Porter Wm. L. Smith 
Notre Dame, University of, Notre Dame, Ind..............c cece cece seesvnce Charles Topping George Conner J. A. Caparo 
Ohio: Northern: University; Ada, 1O &. ccreieis:<ieisicle ccottsaretetwiale ais Meio-oleve aloteemoter notre John Simmons Verl Jenkins I. S Campbell 
Oltio State University Golam) Ooe..is-50:5 00s. a5 0. 0 atatie.o vie slevedievsie on ete corey R. H. Spry G. W. Trout F. C. Caldwell 
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Counselor 
Name and Location Chairman Secretary (Member of Faculty) 
OhiocUniversity;-Athens.iOn 17. sie ee ete Mere ioe antinori ect eae Clarence Kelch H. W. Giesecke A A. Atkinson 
Oklahoma A. & M. College, Stillwater, Okla...........ccce0ececcsccccccecs Benny Fonts Jerry Robertson Edwin Kurtz 
Oklahoma, University of, Normans|O ila eve sicieisie siieicieicccie sets cre eieiele eos Dick Mason J.S. Harmon F. G. Tappan 
OregoneStateiCollege. Corvallis, Oren dtniccieiic ote iene cic ctacia neice J D. Hertz Richard Setterstrom F. O. McMillan 
Pennsylvania State College, State College, Pa........eeeeccecccecesteerecees Carl Dannerth W. J. Gorman L. A. Doggett 
Pennsylvania, University of, Philadelphia, Pa.........sseseeeevececcecccaees Wm. H. Hamilton S. R. Warren, Jr. C. D. Fawcett 
Pittsburgh, Universityiotwhittsburghy Pawenan aoe in cs cite ase cir isles oeiere K. A. Wing R. H. Perry H. E. Dyche 
PrincetonsUniversity, porinceton si Nai) cccie nee micieincisiots faker niec «| ole ulna we R. W. MacGregor, Jr W. Wilson Malcolm MacLaren 
Purdue: University, Vatayette: indiana. a. a.92 oc note a oer onimein aid cuir cline H. L. Lindstrom H. A. Hartley A. N. Topping 
RensselacrsPolytechnic Institute; ulray,. Noivn. 5 senior oialesiee ernie oe ones ce W. F. Hess S. B. Morehouse F. M. Sebast 
Rhodelislandiotate Colleges Kingston» Re arnt neha da eerie Nae aioe ci cia C. F. Easterbrooks Charles Miller Wm. Anderson 
Rose) Polytechnic Institute, Terre Haute, Ind oc .sccsae cmos seems cc ecine voleeles Arthur Drompp J. F. Payne C. CG. Knipmeyer 
RutgersiUniversity. News Srtinswicles Neils sueeee eee te etic asrese eels. cinielenere N. A. Kieb J. E. Conover P. S. Creager 
pantarClara,sUniversity of, cantayOlata, Calif. wr mire carrie wewnitiniecre ncn ackek R. P. O’Brien C. E. Newton A. D. Hinckley 
South Dakota State School of Mines, Rapid City, S. D..............ecceeees L. M. Becker Robert Mytinger, Jr. J. O. Kammerman 
South: Dakota Universityzos, \ermillion cou). wemasioe cee cele ince ictal esters C. R. Cantonwine Paul Schell B. B. Brackett 
Southern California, University of, Los Angeles, Calif.............0ceuceeeees Lester Bateman L. F. Slezak P. S. Biegler 
Stanford University, Stanford University, Calif.............0ce-seccecvcececs D. E. Chambers T. L. Lenzen T. H. Morgan 
Stevens Institute of Technology, Hoboken, N. J.........-.ccscccccsccccececs W. N. Goodridge S. J. Tracy F. C. Stockwell 
Swarthmore College; Swarthmore) Pace... + ave we vaeemcioeesevoteeabeweses osinc T. C. Lightfoot W. F. Denkhaus Lewis Fussell 
Syracuses University, syracuse, Nica Veco wra cise Misco s alc che dectenfolcicaiaie teres te E, D. Lynde R. C. Miles C. W. Henderson 
iLonnessee, University, of, noxvalle, Petin’s ssh crc:aorsversvouere arsiars Gustave hcharataven« s¥eteiehe J. R. McConkey R. L. Harvey C. A. Perkins 
Texas, A. & M. College of, College Station, Texas...........ceececccceccecs Je lae Pratt H. W. Whitney C.Ge Yates 
Texas, University of, Austin, Texas...............+ Slax eMWonqausl silsisavle let eta e:<aelae. Wrelteis cal J. B. Robuck G. E. Schmitt J. A. Correll 
Utah University of, toaltcLake City es Uitalivicn. ois ee seers cieeiinicieiselevtvs o's s/eccle bee ole C. E. White Junior Petterson H. E. Mendenhall 
Virginiat Military Inctitute, [sexing ton, Viaisccceinnis. oo s/o sie 4i cies sistales bieleve esa oie le F. Barkus E. F, James S. W. Anderson 
Virginia Polytechnic Institute, Blacksburg, Va..........0.cececcececcececcece M. B. Cogbill A. G. Collins Claudius Lee 
Wirpinia AU NIVErsity, Of! U miviersit yen Vial acmiin aeistctets ial steve mie aioe es ls Ya,aisiene eieevalore H. D. Forsyth C7 He Davisieli W. S. Rodman 
Washinston; State College of; Pullman; Wash... .. 6<...0.006..s0esceecescccecs H, B. Tinling J. B. Danielson R. D. Sloan 
WeashinetonsUniversitys ots LOUIS MNO ta cismiclersecte suis clcioreie) oleae chive.a dverere siecsteiele & R. L. Belshe J. G. Mazanec, Jr. H, G. Hake 
Washington, University of; Seattle, Wash .0..:/00..css.0ce sc neue vweevevablemece Wm. Bolster Arthur Peterson G. L. Hoard 
Washington and Lee University, Lexington, Va............ cece cece cece ce eees R. E. Kepler Bernard Yoepp R. W. Dickey 
West Virginia University, Morgantown, W. Via. s.cac< sac ccv. ose son moescnesen G B. Pyles C. C. Coulter A. H. Forman 
Wisconsin; Wniversitvior, Madison, Wisin o ceiuslcrinie cictre ss © ehechla ats areeieisas John Sargent Leonard Saari C. M. Jansky 
Worcester Polytechnic Institute, Worcester, Mass.............--0e cece eecece A. M. Tarbox M. A. Swanson H. A. Maxfield 
Wyoming, University-of, Laramie, Wyoming..s 06... coke clas ve waes ceceeciels J. O. Yates E. C. Moudy G. H. Sechrist 
Wale Univecsity;:New Haven): Conn’ o.s cet wrciciealincl risus «lave clave v erausa abate etevstelei eters W. J. Brown W. T. Kelly, Jr C. F. Scott 
Total 95 
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NEW CATALOGUES AND OTHER PUBLICATIONS 
Marled to interested readers by issuing companies 
Switchboard Devices.— Bulletin GEA 940, 16 pp. Describes 
G-E switchboard devices and standardized panel and benchboard 
pipe fittings. General Electric Company, Schenectady, N. Y. 

Motor Generator Sets.—Bulletin 450, 12 pp. Describes 
a line of motor generator sets for various requirements. Price 
list is included. A few of the applications include battery 
charging, emergency lighting, welding, electroplating, and motion 
picture projection. Roth Brothers & Company, 1400 W. Adams 
Street, Chicago, Ill. 

Potheads and Distribution Specialties.—Catalog 27, 
comprises bulletins on the complete G & W line of potheads, 
boxes, vault units, oil switches and distribution specialties. 
Installation instructions, photographs and other useful infor- 
mation are conveniently arranged. G & W Electric Specialty 
Company, 7780 Dante Avenue, Chicago, III. 

Motor Starters.—Bulletin 112, 12 pp. Describes Therma- 
load starters, comprising standard Monitor magnet contactors 
mounted on panels with thermal relays and enclosed in steel 
cabinets arranged for conduit wiring. Positive protection to 
polyphase and single-phase motors, both while starting and run- 
ning, is claimed for this starter. Monitor Controller Co., 55 Gay 
Street, Baltimore, Md. 

Portable Compressors.—Bulletin, 140 pp., entitled ‘100 
and 1 Ways to Save Money With Portable Compressors.” 
This two-color book contains a great variety of comparative 
cost data, as well as three hundred interesting photographs. 
It shows the savings that can be effected by using portable air 
compressors and air-operated tools on construction and mainte- 
nance work. Ingersoll-Rand Company, 11 Broadway, New York. 

Asbestos Insulated Wires and Cables.—Bulletin. De- 
cribes an asbestos and varnished cambric insulated switchboard 
wire with a smooth outer cotton braid. This wire is one of 
several types described in the ‘‘Rockbestos Switchboard Wires 
and Cables’’ bulletin. Two other new bulletins are ‘“Rock- 
bestos A. V. C. Cables’? (asbestos and varnished cambric). 
The most exhaustive of the three is the ‘‘Rockbestos Wires and 
Cables”? bulletin which contains the standard specification for 
all Rockbestos insulated wires and cables as to the quality of the 


copper, the asbestos and the method of impregnating, testing 
and inspecting. Rockbestos Products Corporation, New Haven, 
Conn. 


NOTES OF THE INDUSTRY 


The Minerallac Electric Company announces that after the 
first of May all business will be transacted in its new office and 
factory building at 25 North Peoria Street, Chicago, Ill. 

The Wagner Electric Corporation, St. Louis, Mo., 
announces the removal of its New York City branch sales office 
from 50 Church Street to suite 1110, 30 Church Street. The 
New York City service station remains at 321 West 54th Street. 

The Rockbestos Products Corporation, New Haven, 
Conn., has appointed C. Dent Slaughter as its Pacific Coast 
representative, with offices at 314 Twelfth St., San Francisco; 
324 N. San Pedro St., Los Angeles; 200 N. 13th St., Portland 
and 1108 Post St., Seattle. 

General Electric Sales.—According to President Gerard 
Swope, the General Electric Company’s sales billed for the first 
three months of 1928 amounted to $71,640,790.40, as compared 
with $72,474,474.03 for the corresponding period last year. 
Profit available for dividends on common stock for the first 
quarter of 1928 was $11,261,842.71 compared with $11,028,143.96 
for the same three months last year. 

New Matthews Fuswitch.—The W. N. Matthews Corpo- 
ration, of St. Louis, manufacturers of Matthews Fuswitches, 


serulix anchors, reels, slack pullers, etc., announces a new open 
type Fuswitch which has been designed for rural and farm 
lighting and railroad use to meet the demand for a dependable 
open type Fuswitch of high rupturing capacity to sell at a low 
price. This new Fuswitch is known as the 1317 Matthews 
Fuswitch with a rating of 100 amperes and 7500 volts. It is a 
vertical, open type switch especially designed for 6600 and 6900 
volt service, and adaptable to 2300 and 4400 volt service. In 
addition to being well suited for rural and farm lighting, it is 
very adaptable to railroad use where a switch is needed with 
firm contacts of low resistance that guard against current losses 
and radio interference. 

Personnel Changes in Hubbard & Company Organi- 
zation.—Announcement has been made by C. L. Peirce, Jr., 
vice-president in charge of the electrical materials business of 
Hubbard & Company, Pittsburgh, manufacturers of Hubbard 
pole line hardware and Peirce construction specialties, of the 
following organization changes: Joseph V. Smith, formerly 
Pacific coast manager, has been made eastern manager in charge 
of the Pittsburgh plant and the territory served by it. W. R. 
Pounder continues as central manager in charge of the Chicago 
plant and the territory it serves. Norris C. Husted, formerly 
manager of the Niles plant, has been made Pacific coast manager 
in charge of the Emeryville, California, plant and the Pacific 
Coast territory. Wallace W. Glosser, formerly sales manager 
of the Verona Tool Works, has been made New York district 
sales manager with headquarters at 30 Church Street, New York, 
N. Y.; Thomas J. Farrell, formerly sales manager of the Uni- 
versal Sales Company, has been made special representative in 
the New York district. Two large additions to the Pittsburgh 
plant are nearing completion and it is the intention during May 
to move the Niles operation to Pittsburgh. 

Germany  World’s Largest Exporter of Electrical 
Products.—Germany has now become the world’s foremost 
exporter of electrical equipment, outdistancing both the United 
States and Great Britain, a trade bulletin just issued by the 
Commerce Department reveals. Up until last year the electrical 
manufacturers of these three countries were running a neck 
and neck race for the leadership in the exporting field with the 
United States having a slight advantage. During 1927, how- 
ever, the German industry forged to the front, total shipments 
to foreign markets reaching a value of $120,000,000 as compared 
with $102,000,000 for the United States and approximately 
$80,000,000 for Great Britain. 

The basis of Germany’s advance in electrical exporting, ac- 
cording to the bulletin, rests on the price factor. In the matter 
of such applianees as lighting fixtures, switches, ete., the German 
producers do not attempt to turn out a finished product such 
as is the practise in the United States and the material is asa rule 
much lighter. The larger items, such as turbines, generators 
and motors are of excellent manufacture, but because of much 
lower labor costs these can also be sold at prices under American 
quotations. 

Germany’s electrical products, the report discloses, are shipped 
to every part of the world, although its best customers are in. 
Kurope. The Netherlands is Germany’s largest customer for 
electrical lines, followed by Great Britain, Russia, Argentina, 
Sweden and Italy. In 1927 shipments of German electrical 
items to the United States were valued at about $2,000,000, 
about 2 per cent of Germany’s total exports. 

The German electrical industry, according to the report, is 
apparently in a very prosperous condition. It is strongly 
entrenched in the foreign field and that its position there will be 
consolidated or, at least, that an effort will be made in that 
direction, is evidenced by the fact that there is a decided tendency 
to pool forces among German manufacturers. 


